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Radiation el Windows of Corning Glass 


~m the shielding windows are supplied with 
steel casing and oil filling ready for instal- 
ling, or in single blocks of glass. 


CORNING GLASS have manufactured 
shielding windows up to 6 ft. thick weighing 
over 8 tons. Whether your plans are big 
or small, consult CORNING GLASS for 
expert advice. 


Wherever reactor plants and 
test laboratories are being 
designed or constructed, 
CORNING GLASS can offer 
great help, because 
CORNING GLASS _ com- 
mand a wealth of experience 
in the field of shielding win- 
dows against gamma and 
neutron radiation. 

According to your needs, 


Corning Glass | International SA 


Claridenstrasse 22, Zurich 2, Switzerland 





Submit your problems to us. Our experts 
will be glad to help you. 
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a new research tool 


& PHILIPS INTRODUCE 
A REALLY PORTABLE 
NEUTRON SOURCE 


The growing application of neutron irradiation 

in activation analysis, and other processes, 

calls for a neutron source that is both easy to 

handle and simple to operate. Philips 

Portable Neutron Generator is designed to fulfil 

both requirements. The generator produces 

a mono-energetic neutron flux, the value of which 
can be easily and accurately adjusted. 

Facilities for pulse modulation are also incorporated. 
The portable neutron source is mounted in a 
cylindrical, oil-filled steel housing. The complete 
control equipment, contained in a single 

cabinet, can be placed at any point up to 45 feet away 







































CHARACTERISTICS: Neutron flux 

(continuous operation) approx 108n/sec 

(pulsed operation) approx 109n/sex 
Neutron energy 

approx 14MeV (DT reaction) 
Accelerating voltage 

0 - 125kV (continuously variable) 
lon source voltage 

0 - 2kV (continuously variable) 
Replenisher voltage 

0 - 5V (continuously variable) 
Pulse length 

10 - 500 usec. (stepwise variable) 
Repetition rate, adjustable 

60 - 300 pps. (stepwise variable) 


Mains voltage 
110 - 245V, 50-60 c/s 


PHILIPS PORTABLE NEUTRON GENERATOR 


PROTECTION 


Information and advice is _ 
available from our Radiation 
Protection Service on request. 


i d 2 . s Road, Lond W.C.1, 
For complete information write odo” RE SEARGH & CONTROL INSTRUMENTS LTD. '"3'"ynen',touse,,207 Kina's Cross ti tincross. 


to the sole distributors in U.K. 
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These two leaflets provide you with data on 
STILAG for pipe insulation over a 
temperature range —400°F to + 1500°F and 
STILCLAD sections for the general heating range 
up to 500°F. They provide you with all the 
information required for your specification. 


May we send you copies ? 


To: STILLITE PRODUCTS LTD. 
15 Whitehall, London, S.W.1I. 
Please send Pipe Insulation Data Nos. 7 and 15. 


Regd. Trade Mark N A M E | 
| 
| 
| 





ADDRESS 
STILLITE PRODUCTS LTD. 


15 Whitehall, London, S.W.!I. Tel. WHitehall 0922-7. Just attach this coupon to your letterhead. 
A member of the TURNER & NEWALL ORGANISATION 
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Unbrako, the world’s largest suppliers of 
high grade socket head screws, can give 
instant delivery from their vast standard 
range covering all types and threads 
WwW RI EF. A Ee OD including unified. Whatever your fastener 
requirements, Unbrako can deliver the 
goods on time. 








UNBRAKO SOCKET SCREW CO LTD COVENTRY TEL: 88722 
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Good looking, Clean, Long lasting 


Vacuum/pressure impregnated with clean, odourless, non-oily 
‘Tanalith’ C preservative, this timber is permanently decay- and 
rot-proof and is immune from all types of insect attack. 

Specified for Motorways, Highways and Byeways, ‘Tanalised’ 
fencing’s attractive green colour blends harmoniously with any 
landscape. It is, moreover, harmless to men, animals and plants. 
*‘Tanalised’ fencing is locally produced and is supplied to all 
specifications. It possesses all the advantages of timber—light and 
easily handled, low carriage costs, easy reclamation. And where 
untreated timber is liable to decay at vital groundline and joints, un- 
leachable ‘Tanalith’ C preservative maintains timber at full 
strength. 





Write for literature. 


HICKSON’'S TIMBER IMPREGNATION co. (G.B.) LTD. 
Castleford, Yorkshire. Castleford 3841 


and at 8 Buckingham Palace Gardens, London, S.W.1. Sloane 0636 
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The CARLTON TOWER 

















UNITED AIR COIL specialise in the manufacture of Heat 
Transfer Surfaces to customers’ specific requirements. COOLING 
COILS for use with chilled water, brine and direct expansion 
refrigerants; also coils for solvent recovery. HEATING COILS 
for all systems using either steam or hot water. 


AIR COIL PRODUCTS are Designers and Manufacturers of 
standard and special Forced Convectors, Unit Coolers, Air Cooled 
Condensers and all types of Air Handling Units. 


HEAT TRANSFER SURFACES 
FOR EVERY APPLICATION 


for VERY IMPORTANT PLACES 


For the air conditioning and ventilation installation at 
The Carlton Tower, United Air Coil were selected to 
supply the Heat Transfer Surfaces. 

Similar equipment has also been supplied for heating 
and cooling installations for many other equally 
imposing projects. 


for VERY IMPORTANT PEOPLE 


For Heating in multiple stores, Unit Heaters manu- 
factured by Air Coil Products have been installed. 
““Coolaire”’ Unit Coolers also provide pleasant con- 
ditions for shoppers in a Regent Street store. 


AIR COIL PRODUCTS ir. 








UNITED AIR COIL LTD., 14, TRINITY STREET, LONDON, S.E.1. 


Telephone: HOP 7421/4 
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SOLVE YOUR PROBLEMS at the 


Stantec-Zebra 


Electronic Digital Computer Service Centres 


Some of the problems being handled by the ‘Zebra’ 
Empirical and theoretical studies of dam and bridge testing 


Processing of empirical data resulting from photographic 
studies and aerial surveys 


Bridge design 


Our experts would be glad 
to discuss your problems 
and, if requirements do 
not warrant the purchase 
of a computer, we 

suggest you consider 

the facilities of our 
Computer Service Centres. 





A double 
input-output 

Stantec-Zebra 
Computer 








STC are Britain’s biggest exporters of digital computers 





Standard Telephones and Cables Limited 


INFORMATION PROCESSING DIVISION: CORPORATION ROAD - NEWPORT - MON 






INDUSTRIAL 
ELECTRONICS 
GRouP 
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NEU) arrroven vesien 
TO U.KALE,A. REQUIREMENTS 


Vokes Series II Fire Resistant filters (part 

of the Vokes ‘Absolute’ range) are the latest 
safeguard in Nuclear Power applications 
involving very high temperatures or risk of 
fire. They operate at temperatures up to 1000°F 
and each filter is individually guaranteed 

99-99 % efficient (minimum) against a methylene 
blue dust cloud to British Standard Spec. 2831 
and/or sodium chloride dust cloud test. 

These filters are manufactured from recorded 
material and serial numbered. A history of 
each filter is kept. 































NEW FEATURES INCLUDE: 
1 





Greater resistance to mechanical 
and thermal shock. 

2 High paper strength 
characteristics. 



















« 3 Greatly improved dust holding Extensively proof tested 
capacity, longer life with 
reduced replacement costs. as follows: 


4 Improved ‘safe-edge’ spacer design 


1 High frequency vibration. 
to eliminate risk of puncturing glass g q y 


paper medium. 2 Pulsating flow. 
5 Improved rigidity from new . 
design casing. 3 Moisture. 


6 Improved cementing techniques. 


Full and abridged technical specifications . : 
available on request. 5 Fire resistance. 


4 Thermal and mechanical shock. 


Full range of Fire Resistant and Spark Arrester pre-filters 
available for use with these filters. 


leave absolutely nothing to chance 


VOKES LIMITED - HENLEY PARK - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) Telex: 8-535 Vokesacess, Guildford 


Grams: Vokesacess, Guildford, Telex Represented throughout the world 


V565 
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starting something? 


starting something?...where more pairs of skilled hands 

(and trained minds, too) could be useful. ..where extra Design facilities would 
relieve the pressure on the Drawing Office. ..or where, without capital expenditure, 
you would like to augment your own resources with additional 

Production of a specialised nature. 





Then consult The Pickering Group, and join the many diversified CONTROLLED ATMOSPHERIC 
industries that are using the technical knowledge and experience of 
this efficient consortium of Scottish Companies. Here, the traditional WELDING EQUIPMENT; GAUGE 
engineering skills of almost a hundred years are merged with the Advanced ; 

Techniques of the Twentieth Century—techniques in the Application of UNITS; VALVES AND OTHER 
High Vacuum Principles to Industrial problems—the provision of . TRO- 

Complete Off-Shore Oil Drilling Equipment—the Fabrication of ACCESSORIES; MASS SPEC 

Engine Bedplates, Gearboxes, Cranes and Tanks. . .and the building of METER LEAK DETECTORS. 


High Vacuum Units for Decorative Finishes and Optical Coatings. Even in the 

High Vacuum aspects of Space Research, The Pickering Group has something to offer. 
Your enquiries will be referred to the appropriate Technical Consultant Panel 

and if the job comes within the scope of The Group’s activities 

work can be undertaken on a contract or sub-contract basis. 

Exploratory enquiries incur no obligation. 


THE PICKERING GROUP OF COMPANIES 


R. Y. PICKERING & CO. LTD. Siste.SGsarboxes- Crane Seructures- Tank Work 
- Equipment for the Oil Industry. 

VACUUM INDUSTRIAL ™ 

APPLICATIONS LTD. Push tce’ Mh alEraporacion Unies = Vacuure 

Casting Plant - Control Equipment, etc., etc. 

DANIEL VARN EY, LTD. Scientific Instruments. 

WOODFIELD PICKERING LTD. Complete Off-Shore Oil Drilling Equipment. 

NETHERTON ROAD - WISHAW ~* LANARKSHIRE - SCOTLAND 


TELEPHONE: *WISHAW 2142 TELEGRAMS: PICKERING, WISHAW. 
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ISOJACKETS 





on Zenith Reactor... 








The nitrogen purification plant of the Zenith reactor engineered 
by the G.E.C. Atomic Energy Division, removes carbon 
monoxide, carbon dioxide and moisture from the coolant gas 
by passing it through a series of towers containing granular chemicals. 
The first set of these towers seen in the photograph contain pellets 
of copper oxide. This is used to oxidise the CO in the coolant 
gas to CO, which is removed by another chemical in the next set of 
towers. For the copper oxide bed to react in this way it 
has to operate at a temperature of 400-450°C. and the pellets are 
most conveniently raised to this temperature by Isojackets. 
These hinged Units comprise the heating surface, thermal lagging 
and outer metal casing, and are used in many other Nuclear Plants. 





ISOPAD LTD., BARNET BY-PASS, BOREHAM WOOD, HERTS. 
Telephone: ElStree 2817/9 & 3602 














Classroom 
and 
Laboratory 


No. 98 Qualitative Radiation 
Experiment for Beginners 


Richard F. Blake, U.S.A. 


The purpose of this experiment is to 
compare the energy of the rays from 
various radioactive materials. Sources 
used are uranium ore, a radium sam- 
ple, Co60, a beta source, etc. The 
student determines the maximum 
count possible with the least active 
source and other sources are then 
placed at such distances that the 
same count rate is observed. A 
count rate suitable is 2,000 per 
minute. The same lead shield is then 
placed between each source and the 
probe in turn, and the count rate 
noted. A 1 cm lead sheet is suitable. 
Typical results, as found with an 
actual experiment, are recorded as 
follows for a V-700 portable rate- 
meter: 


Sample used = Original Count through 


count 1 cm lead 
c.p.m. 
Beta source V-700 2,000 background 
only 
Uranium ore . 2,000 200 c.p.m. 
Radium source .. 2,000 500 
Co60 . 2,000 900 


It is seen that radiations from 
different sources have different pene- 
trating powers. This power is pro- 
portional to the energy of the radia- 
tions emitted. 


No. 99 X-ray Methods 


Philips Electronic Instruments, 
U.S.A. 


On a yellow card, 22in. = 114 in., 
ten different methods of using X-rays 
are illustrated by means of a diagram 
and legend in each case. Method | 
is industrial radiography and fluoro- 
scopy, as used for checking internal 
physical structures of materials; No. 
2 shows industrial fluoroscopy with 
an image intensifier based on the use 
of a photomultiplier and fluorescent 
screen, as used for steel welds, heavy 
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Arising out of a proposal by Dr. F. R. Paulsen, at a Council Meeting of 
the Institution of Nuclear Engineers, several hundred teachers of nuclear 
science were asked to report on simple apparatus and methods used or 
those which might be useful for practical demonstrations in instructional 
courses. The response was enthusiastic. From all parts of the world, 
from teachers in Universities, High Schools and Colleges, from research 
workers, manufacturers and public relations experts, have come many 
ideas. As a service to teachers, and also to other workers in nuclear 
fields, we are now publishing the many suggestions put forward. Each 
suggestion carries the identity of the person who put it forward, and 


also a reference number. 


The latter will facilitate enquiries sent in 


by readers requiring further information. Readers are invited to submit 
suggestions for inclusion in this feature 


rubber sections, etc.; No. 3 is X-ray 
absorption, in which direct intensity 
from an X-ray tube is compared with 
that remaining after passing through 
the specimen, this method being used 
for checking chemical compositions; 
No. 4 deals with X-ray fluorescence 
absorption, used for tinplate thick- 
ness, etc.; No. 5 shows projection 
microradiography, used for opaque 
specimens; the sixth example is con- 
tact microradiography for minute 
Opaque specimens and applicable to 
thin biological materials; example 7 
deals with X-ray diffraction crystallo- 
graphic examination; No. 8 shows 
X-ray diffractometry, similar to No. 
7, but using a detector and chart 
recorder in place of the photographic 
film; X-ray spectrography or fluores- 
cence is featured in No. 9; No. 10 
shows the electron microbeam probe 
used for qualitative and quantitative 
analysis of specimen surfaces in | cu. 
micron volume. This wall chart 
would prove extremely valuable to 
teachers dealing with the various 
applications of X-rays, and the dia- 
grams are simple and clear. 


No. 100 A Binary Scaler 
Dartmouth College, U.S.A. 


A scaler is an electronic circuit 
which counts and records individual 
pulses. If the pulse source is some 
sort of device, such as a GM 
counter, which is sensitive to the 


passage of an ionizing radiation or 
particle, the counter and scaler form 
an important tool for the investiga- 
tion of atomic and nuclear physical 
phenomena. The three essential 
parts of the scaler are the dis- 
criminator, an electronic tallying 
circuit and a circuit for operating an 
electromagnetic impulse register. 

A discriminator is a circuit which 
accepts only those input voltages 
which are above a certain pulse 
height. All pulses below this value 
are rejected. The electronic tallying 
circuit in its simplest form is a series 
of flip-flops which light small neon 
bulbs. 

In a physics course at Dartmouth 
College, each pair of students in a 
given group will build a single scale 
of 2 module, and five of these will 
be plugged into a previously-prepared 
chassis containing a fixed level (about 
0-5v negative) discriminator, a regis- 
ter drive circuit, and power distribu- 
tion for the binary units. These 
scalers are then used for the experi- 
ments in radioactivity. 

The figure below shows the basic 
scale of two units, based on a flip- 
flop which is a two-tube device which 
can exist in either of two stable states. 
They are symmetrically coupled by 
the diodes to a single source of 
triggering and can trigger alternately 
from one state to the other by succes- 
sive identical triggers. If the input 
signal voltage has a steady value of 

300, neither of the sides will be 


—o+500V 





Basic scale for the 
two units 
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Boat Photographs by kind permission 0j U.K.A.E.A 


| y 
A, if it’s a matter of lead —it’s a 
7 | matter for Graviner. 


| GRAVINER is Britain's foremost name for 

comprehensive service in lead for nuclear 

_ engineering. 

l The design, manufacture and installation 
of complete HOT CELL plant is but one 

of their many specialised activities; another 

is the production of special purpose 

machinery such as Reactor sub- 

assemblies and Irradiation Rigs. 

| Graviner are suppliers to the U.K.A.E.A. 
of 2”, 4”, 7” and 10” lead shielding systems. 








Illustration: Hot Cell Alpha Box. 


“LEADERS 
LEAD 


Graviner techniques and Graviner know- 
how ensure the perfect lead product, with 
the highest safety factor. 

Interlocking Bricks, Isotope Containers, 
Flasks, Windows and Handling Sphere 
Units—these are just some of the standard 
equipment Graviner make in the shortest 
possible time and at the lowest 
possible price. 





Illustration: a heavily screened bench, for chemistry 
with radioisotopes. 


Contractors to the U.K. Atomic Energy Authority 


GRAVINER MANUFACTURING CO LTD 


FAREHAM ROAD - GOSPORT - HAMPSHIRE 


Telephone Fareham 2511 
NE6 
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conducting, since their plate poten- 
tials are either less than or at most 
equal to their common cathode 
potential. Let us assume that 7-/ is 
conducting at first, its plate being at 
130v, the cathode at 80v and the 
grid at 82v by virtue of the grid- 
current flow. 7-3 is then non- 
conducting, the plate being at about 
280v and the grid at 50v, or 30v 
below the cathode, so that the tube 
is cut off. Now let the input voltage 
slowly decrease from 300; 7-2 begins 
to conduct. Since its resistance is 
small compared to R, the plate of 
T-3 follows the decreasing signal 
voltage. The grid potential of 7-/ 
does not decrease proportionately, 
but drops only slightly as long as 
grid current is being drawn. A de- 
crease in grid current takes up the 
decrease in voltage across Ry. When 
the input signal reaches 240v, 7-4 
stops drawing grid current and its 
grid moves negatively in accordance 
with the voltage division of R, and 
R,. Thus, the plate potential of 7-/ 
begins to increase rapidly, soon 
reaching the input signal potential, 
and a symmetrical state exists. Fur- 
ther decrease in signal voltage now 
simply lowers the potential of the 
two plates and two grids in corres- 
ponding amounts. If the signal 
voltage should return suddenly to 
the initial value, the circuit is left 
highly unstable and will return to 
one or other of its stable states. The 
circuit has no memory once it exists 
in a stable symmetrical state. 

Now, if the negative input trigger 
has a short rise time, the position is 
quite different. The discriminator 
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rejects input pulses which are smaller 
than 0-5v negative, but it also pro- 
vides a very large negative pulse 
with short rise time for every input 
pulse it accepts. Suppose the input 
voltage is brought suddenly from 
300v to 250v. The plate of 7-3, and 
so the plate of 7-2, being at + 280v, 
T-2 will conduct strongly, bringing 
the voltage at the plate of 7-3 to 
about +250v by virtue of the /R 
drop in R,. The impedance of C, is 
negligible for this fast negative pulse, 
so the grid of 7-/ becomes also less 
positive. As this occurs, 7-4 carries 
less current and the plate of 7-4 be- 
comes more positive since a small 
amount flows through R, and Rs. As 
in the case of C,, the impedance of 
C, is negligible, so that a fast positive 
pulse is applied to the grid of 7-3, so 
that 7-3 carries current. Now the 
IR drop across R, becomes still lar- 
ger, and the plate of 7-3 becomes 
still less positive and the grid of 7-/ 
is driven still further in the negative 
direction. This continues until 7-3 
is fully conducting and 7-/ is cut off, 
the system being in the alternate 
stable state. If now the input voltage 
is returned either quickly or slowly 
to 300v, there is no effect on the 
trigger circuit apart from its assuming 
a stable state which is the mirror 
image of the original state. The 
application of a second trigger similar 
to the original causes the circuit to 
pass through the same cycle of opera- 
tions, but the role of 7-3 is replaced 
by 7-4 and vice versa. Any number 
of these scale of two circuits can be 
connected together by input and 
output connections. The neon light 





100K 
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Interpolate 
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rP—(1)+300V 
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5 Circuit for binary 
scaler 





>——8) 











Ground 


N in series with R, indicates at all 
times the state of the circuit, the 
lamp firing when 7-3 is conducting. 


The circuit is actually constructed 
as in the line diagram below. Opera- 
tion of the scalers depends on the con- 
struction used in the wiring of the 
individual scale of two units. A few 
soldered joints should be made on a 
** bread-board ” and checked by the 
instructor before the full wiring-up 
is attempted. The plug-in units 
should be made as nearly as possible 
like the models available for inspec- 
tion. The tubes 7-/ and 7-2 are re- 
placed by crystal diodes and these 
must be correctly orientated. The 
circled numbers are plug-in base 
connections, the non-circled numbers 
being tube base connections. 

A resistor colour code is useful in 
selecting the correct resistors. Num- 
bers 2 to 7 follow the colours of the 
visible spectrum. After the wiring is 
complete, the circuit has to be 
checked. A tube has to be inserted 
in the socket and the plug-in unit 
inserted in the scaler chassis pro- 
vided. The testing stages are as 
follows: 

1. Scaler chassis is connected to 
power supply with the power cable. 
Heater supply is turned on, making 
sure the B+ voltage control is at 
zero. The tube filaments should 
light up. If this is not so, filament 
wiring must be checked. B+ voltage 
must not be turned up until all fila- 
ments are properly lighted. 

2. The B+ voltage is turned to 
300, the milliammeter reading not 
more than 10 ma. The d.c. voltages 
are checked with respect to the 
earth, the following voltages should 
be obtained within 10 per cent.: 


Light off Light on 
volts volts 
Plate 7-3.. .. 280 180 
Plate 7-4.. .. 190 280 
Cathode 7-3 .. 80 80 
Cathode 7-4 .. 80 80 
Grid T-3 .. i ee 75 
Grid T-4.. ca. 55 


If discrepancies are noted, wiring 
must be checked before turning off 
the power supply. 

3. If an oscilloscope is available, 
the passage of pulses through the 
circuit may be checked. 

4. If everything is working nor- 
mally, the cover may be screwed on to 
the plug-in unit. 
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ABC D 


Resistor colour code 


No. 101 Aids to Nuclear Devices 
Scientific American, U.S.A. 


A collection of reprints from the 
well-known monthly _ publication, 
Scientific American, could constitute 
one of the most useful texts to the 
teacher of modern physics. Each 
reprint is outstanding in clarity, the 
diagrams and photographs being 
excellent, and the authors are experts 
in their respective fields. Suppose a 
teacher wants to deal with devices 
used in nuclear research. What 
would this series of reprints offer? 
No. 219, by Donald J. Hughes, is 
entitled ‘“‘ The Nuclear Reactor as a 
Research Instrument.” Dr. Hughes 
has had long experience of nuclear 
research, having worked on the 
Manhattan Project, on the first 
Chicago neutron studies and plu- 
tonium-producing piles. He was 
formerly director of nuclear physics 
at Argonne and is now at Brook- 
haven. This reprint deals with the 
advantages and disadvantages of 
neutrons as a research tool. They 
range in energy from 10 MeV to 
0-0001 eV, or wavelengths from a 
few hundred-thousandths of 1A to 
about 30A. High energy neutrons 
behave principally as solid pellets, 
while slow neutrons are wave-like. 
In measuring the cross-section of a 
metal, e.g., gold, for MeV neutrons, 
the latter are first counted by a 
detector, then the gold foil is inserted 
and the count again made. The 
reduction in count represents neu- 
trons absorbed by the foil. The 
peculiarities of neutron resonance are 
well described. The role of the 
neutron in studying nuclear structure 
is important, and here the fast 
chopper is invaluable. A slow chop- 
per is used for slow neutrons, which 
are principally used for studying the 





Spiral monachrometer producing uniform 
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movements of atoms in crystals. 
The long wavelengths of slow neu- 
trons enables these to be reflected 
from bright smooth surfaces of 
metals or certain liquids. Neutron 
mirrors give information on the 
smallest type of interaction, that be- 
tween a neutron and an electron, 
which is 10,000 times weaker than 
that between neutron and nucleus. 
Robert R. Wilson, who has worked 
in the cyclotron group at Los 
Alamos, and taught at Cornell and 
Harvard, wrote “ Particle Accelera- 
tors,” Reprint No. 251. Cyclotrons 
have reached their culmination in 
the three giants at Berkeley, CERN 
and U.S.S.R., and can accelerate 
protons up to 700 MeV. The Russian 
Phasotron gives 10,000 MeV or 10 
BeV, the CERN machine 30 BeV. 
The philosophy behind heavy par- 
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tors produce colliding proton beams, 
giving an energy up to 30 BeV. There 
is renewed interest in this idea. Some 
revolutionary Soviet ideas are des- 
cribed, and mention is made of 
Fermi’s proposal to use the earth’s 
magnetic field and a vacuum tube 
around the earth in order to produce 
energies of the order of 100,000 BeV. 
No. 234 is “* The Linear Accelera- 
tor,’ by Wolfgang Panofsky, par- 
ticularly interesting because this 
philosophy is making a great come- 
back. Dr. Panofsky is director of 
High Energy Physics at Stanford. 
The paper deals with development 
and theory of various types of 
accelerators, leading up to the 600 
MeV machine at Harwell. The 
author deals briefly with power 
losses, cavity resonators, travelling 
waves and corrugated guides. 
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ticle accelerators is described, and 
the “* berkelitis ” tradition contrasted 
with the simplicity of Rutherford’s 
laboratory. Accelerators may be 
said to fall into architectural groups, 
the synchrocyclotrons being baroque, 
proton synchrotrons Romanesque, 
the electron synchrotrons Gothic. 
The Brookhaven discovery of strong 
focusing made possible such powerful 
machines as the Soviet 50 BeV proton 
synchrotron, with its magnet of 
22,000 tons weight and diameter 
1,500 ft. Then comes the fixed-field 
alternating gradient or FFAG ma- 
chine, said to be of Rococo style. 
Arising out of this is the “* Synchro- 
clash,” in which two 15 BeV accelera- 
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Professor Donald A. Glaser, of 
Michigan University, writes on “* The 
Bubble Chamber” (Reprint No. 214). 
The cloud chamber, designed by 
C. T. R. Wilson, traces the path of a 
subatomic particle with droplets in a 
vapour, while the bubble chamber is 
almost the reverse of this, using 
vapour bubbles in a liquid to do the 
tracking The advantages of this 
technique, its theory and practice, 
and possible developments are des- 
cribed, and there are some excellent 
photographs and diagrams. 

Reprint No. 246 is ** The Stellara- 
tor,” by Lyman Spitzer, Jr., director 
of the Project Matterhorn at Prince- 
ton University. He deals with the 
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movement of charged particles in 
magnetic fields, the magnetic con- 
tainment of charged particles, twisted 
magnetic fields, diverters, and gas 
heating by means of transformer 
action and magnetic pumping. The 
possibilities of power from thermo- 
nuclear nuclear fusion are also dis- 
cussed. 


No. 102 Experiments on Decon- 
tamination 


Professor Dr. W. Seelmann- 
Eggebert, Germany. 


Radioactive liquids may be soaked 
up by absorptive materials such as 
filter paper or cotton wool, and solid 
or powdered materials by moist 
cotton wool. Further cleaning is 
possible by rinsing, sponging or 
washing with water, carrier solutions 
or solvents, in conjunction with 
surface-active agents or complexing 
agents such as EDTA and poly- 
phosphates. Isotope dilution can 
also be used, the contaminated 
material being treated, hot or cold, 
with an inactive solution containing 
the same ions as form the con- 
taminating medium. Care must be 
taken to prevent damage to con- 
taminated glass surfaces, and for this 
reason it is unwise to use strong 
alkalis, but 10 per cent. chromic- 
sulphuric mixture, or 2 per cent. 
ammonium hydrogen fluoride solu- 
tion may be used. 


In this experimental study of de- 
contamination, V2A steel and two 
different plastic materials, PVC and 
Resopal, are contaminated with [131, 
P32, Co60 and Rul06 and then 
treated with various decontamination 
reagents. A nickel sheet carrying 
Th-B is handled with rubber gloves, 
which are then cleaned by various 
methods. Glass vessels are also con- 
taminated with the same four radio- 
active species, then washed with 
water, a carrier solution, and a 
domestic detergent. A glass vessel 
becomes more heavily contaminated 


the longer it is left in contact with 
the Rul06 solution. 


Since activities are only of the 
order of 0-1 microcurie, shielding is 
unnecessary, but ingestion must be 
avoided. The nickel sheet which 
carries Th-B must be handled only 
with rubber gloves. All contamin- 
ated cotton wool, wash liquids, etc., 
must be disposed of in appropriate 
receptacles. 


For these experiments the follow- 
ing are required: 1131, P32, Rul06, 
all solutions carrier-free and at 
1 microcurie/ml; Co60, at 1 micro- 
curie/ml, with carrier; four pieces of 
2mm V2A steel, four of PVC and 
four of Resopal, all 4 « 7cm:; four 
glass measuring vessels, four 1 ml 
pipettes for active solutions, and four 
for inactive solutions; KI, 4-4 mg/ml; 
diammonium hydrogen phosphate 
solution, containing 20 mg of PO, 
ion/ml; CoCl, solution, containing 
20 mg Co/ml; RuCl, solution with 
10mg Ru/ml; CCl; a domestic 
detergent; soap; a 500 ml beaker; 
an infra-red lamp; cotton wool; 
plastic bags; forceps; spatula; three 
sheets of mm graph paper. The time 
required for this work is about four 
hours. 


The 12 pieces of steel and plastic 
and the four glass vessels are con- 
taminated and then dried under the 
lamp, care being taken to see that 
the PVC pieces are more than 25 cm 
from the lamp, otherwise they may 
soften. In all experiments, the count- 
ing times are one minute. 


For the first experiment, 0-1 ml of 
a radioactive solution is placed on a 
steel sample and dried under the 
infra-red lamp. The sample is then 
placed on the sliding tray of the 
counter and the activity determined. 
The plate is rubbed over with dry 
cotton wool and the count repeated, 
then the rubbing and counting are 
repeated. A similar procedure is 
followed using moist cotton wool, 
and then cotton wool moistened 
with domestic detergent. Count 
values allow these decontamination 
methods to be compared. Finally, 


three drops of a carrier solution are 
placed on the sheet of metal, dried, 
and the final cleansing and counting 
procedure followed. If any activity 
still remains on the plate a further 
decontamination may be attempted, 
using moist cotton wool in conjunc- 
tion with “* Dekontam,” a prepara- 
tion containing titanium dioxide and 
a complexing agent. 


In the next experiment, the nickel 
plate contaminated with Th-B is 
lightly touched with the forefinger 
enclosed in a rubber glove. A plastic 
cover is placed over the detector to 
avoid contamination and the activity 
on the rubber finger determined. 
The finger and monitor should be as 
close together as possible without 
actual contact. Cleansing is at- 
tempted with dry cotton wool, moist 
cotton wool, then with cotton wool 
scaked in CCl,, a count being made 
after each application. Finally, a 
count is made on the rubber finger 
after washing with soap and water. 


In the next experiment, 0-1 ml of 
each of the isotopes will be used, and 
four glass vessels are contaminated 
and dried off. Watch-glasses are 
very suitable. Each glass, held in 
forceps, is held over a 500 ml beaker 
and washed with water from a wash- 
bottle, then dried with cotton wool. 
The count is repeated, and then the 
cleansing and counting done again. 
A little detergent, on the end of a 
spatula, is placed in the glass and 
rubbed with cotton wool (moist) and 
the count repeated. This method is 
now repeated. Finally, seven drops 
of carrier solution are dried on the 
glass under the lamp, rubbed off 
with moist cotton wool and a count 
again taken. 


For the final experiment, 0-1 ml 
of the Rul06 solution is allowed to 
stand in a watch-glass for one 
minute, then washed off, dried off, 
and the glass is monitored. A second 
experiment is done, using a five- 
minute contact time and a third with 
one hour’s standing time. Counts 
are again made. 


In all cases, after each cleansing 
procedure, the count should be 
expressed as a percentage of the 
original count, and the progress of 
the decontamination followed by 
expressing the results graphically. 


(This set of experiments was de- 
signed by W. Hiilsen and R. Gatti.) 
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NUCLEAR 


HE early development of econo- 

mic atomic power is of great 
importance. Nearly every national 
economy requires a plentiful power 
supply. Per capita utilization of 
energy is both a key and a measure 
of the extent of a country’s industrial 
development; and industrial pro- 
gress is essential both to defence and 
to a healthy peacetime economy. 
Consumption of energy everywhere 
in the world is increasing rapidly and 
indications are that the increase will 
continue if the fuels are available at 
reasonable cost. New fuel supplies 
are essential to the maintenance of a 
plentiful power supply. Fortunately 
the world has still large reserves of 
low-cost fossil fuels—reserves certain 
to be augmented by discovery and 
further exploitation. Even with these 
reserves, if energy costs are to be 
kept from rising appreciably above 
their present levels, a new fuel supply 
will be required in the not too distant 
future. 


It should be taken into considera- 
tion that energy may ultimately be 
extracted from nuclear fuel at lower 
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POWER REACTORS 


cost than from fossil fuel. It is, how- 
ever, desirable to conserve fossil fuels 
for long range consumption. They 
are particularly suited, perhaps irre- 
placeable, for many applications— 
for example, the use of gasoline to 
fuel automobiles and aeroplanes. In 
addition, these hydrocarbons will be 
increasingly in demand as chemical 
raw materials. Near the mine or 
well, their cost for any use should be 
quite low for a very long time. 


Power economy 

Nuclear energy will be an im- 
portant factor in the power economy 
of the future only if the electricity 
produced by a nuclear station is com- 
petitive with that which would be 
produced from a conventional station 
built at the same place at the same 
time. The cost of generating elec- 
tricity by conventional processes 
varies from one country to another. 
This variation is caused primarily by 
differences in the delivered cost of 
energy in conventional fuels. In 
turn, these energy cost differences 
are derived to a great extent from 
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the cost of transporting fuel from 
the mine or well to the power plant. 


Uranium, because of its extremely 
high concentration, has very low 
transportation cost per unit of energy. 
The cost of generating electricity in 
nuclear and conventional plants is 
broken down into three major com- 
ponents—capital cost or fixed charges 
operating and maintenance costs, and 
fuel cost. The investment costs for a 
nuclear plant will probably vary 
from plant to plant as they do for 
conventional plants. The capital 
cost of nuclear plants is expected to 
be reduced with increases in plant 
size, more knowledgeable approaches 
to safety needs, and less costly ma- 
terials. Nuclear fuel may ultimately 
become cheaper than conventional 
fuel. The components of nuclear fuel 
cost include initial fabrication of 
elements, burn-up of fissionable ma- 
terial, chemical reprocessing of the 
fuel, and its metallurgical refabrica- 
tion into new elements—less any 
credit for fissionable material pro- 
duced in the reactor and recovered 
by chemical processing. If a reactor 
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can breed enough fuel without too 
much additional expense, value of 
the new fuel will offset a part of the 
total fuel cost. 


A nuclear power plant, like most 
types of power plant, uses heat to 
change water into steam. In both 
kinds of plant, the steam jet is 
directed against turbine blades to 
turn them and to turn an electric 
generator. For both conventional 
and nuclear power plants, the steam 
and electricity are the same—only 
the heat source is different. 


Conventional power plants burn 
coal, nuclear power plants produce 
heat by splitting uranium fuel. This 
splitting is known as fission. One 
pound of U235 contains as much 
heat as about 3m. Ib of coal. Such 
concentrated energy is what makes 
nuclear fuel attractive as a useful 
power source. 


In a sense, no reactor system being 
built today can be said to be typical 
for the nuclear power plant of the 
future. Although nuclear power is 
now a technical fact, the search is 
still on for a reactor system that will 
make the best use of the advantages 
of nuclear fuel in producing cheaper 
electricity. In this search, many 
types of reactors and various systems 
are being planned, built and studied. 


Variety of Type 

There are many possible types of 
nuclear power plants. All use fission- 
able fuel (U235, which is found in 
nature; U233, which is made from 
Th232 exposed in a reactor; or 
Pu239, which is made by exposing 
U238 in a reactor—Th232 and U238 
are much more abundant than U235) 
and a turbine-generator to convert 
the heat of fission into electricity. 
They vary as to the form and shape 
of the fuel, the heat-removing fluid 
used, and the systems used to make 
the heat energy drive the turbine. 
Main features of some of these reac- 
tor systems follow: 

Pressurized water reactors: Heat 
from the fuel elements is removed by 
water pressurized to prevent boiling 
in the reactor. Steam is formed in a 
steam generator outside the reactor. 


Boiling water reactors: Steam is 
allowed to form inside the reactor, 
thus eliminating the need for a 
separate steam generator. Control 
innovations are needed to stabilize 
the power output. 
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Fluid-fuel reactors: \nstead of the 
fissionable fuel being in solid form 
as it is in other reactors, it is dissolved 
in the coolant in the form of a water- 
acid solution or in a liquid metal. 
The fuel solution is circulated from 


the reactor to an external steam 
generator. 
Sodium-cooled reactors: Liquid 


sodium, a good heat-transfer fluid 
that does not need to be pressurized 
to prevent boiling, is used to transmit 
the heat to an external steam genera- 
tor. Special provisions must be 
made to prevent any steam-generator 
leak that would let the radioactive 
sodium react chemically with the 
water in the steam system. 

Gas-cooled reactors: Pressurized 
gas passes through the reactor to 
remove its heat to an external steam 
generator. For relatively low-output 
plants (below 20,000 to 60,000 kW), 
the gas from the reactor can be used 
directly to turn a gas turbine (high- 
output gas turbines have not as yet 
been perfected). 


Improvements 


Nuclear technologists and nuclear 
engineers are at work improving 
these and other reactor systems and 
their components and materials in 
order to make more adaptable plants 
that produce cheaper power. Solu- 
tions to the problems involve nearly 
every phase of science and engineer- 
ing. 

Energy is produced in a reactor by 
the fission of materials in a self- 
supporting chain reaction. There are 
three commonly used fissile materials 

U233, U235 and Pu239. Of these 
only U235 occurs naturally, being 
found mixed with U238 in the pro- 
portion of | part U235 to 138 parts 
of U238. Pu239 is produced from 
U238 by neutron-capture, similarly 


U233 is produced from Th232. At 
present U235 is the most commonly 
used fuel and produces between two 
and three neutrons per fission. A 
typical reaction is: 

U235-+-n'!--X95+ Y139- 

2n' + 200 MeV (approx.) 

where X95 and Y139 are typical of 
a wide variety of fission products. 

On the average, one fission will 
produce 2-5 neutrons. Some of these 
will be lost by capture in non-fissile 
materials, e.g., the reactor structure, 
etc., and some by escape. The reac- 
tion will be self-supporting if, on the 
average, for any original number of 
neutrons, Mo, causing fission, there is, 
as a result of these fissions, an equal 
number of neutrons, ,, available for 
further fission. In this case the 
effective multiplication constant 
ny 


Kets l 


No 
when the system is said to be critical. 
The minimum size of core required 
to achieve this condition is thus 
known as the critical size. Further, 
if Kerr is<1 the system is sub-critical 
and if Kerr is > 1, it is supercritical. 


Multiplication factor 


Assuming that m neutrons are 
present in a unit volume of a reactor 
core at the start of a generation, then 
the number gained per unit volume 
in the generation is n (Kerr— 1)=nkex 
where kex is known as the excess 
multiplication factor. If / is the time 
of the generation, the rate of pro- 
duction of neutrons is: 


dn (Ketsr—I) — kex 
-—" f° 9 
Hence n=nge! (Kex/1)=nget 


where 7 is the Reactor Period. 

The power level in any reactor is 
determined by controlling the reacti- 
vity of the system, which is defined 
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as the ratio of the excess multiplica- 
tion constant to the effective: 
kex Kketr—1 
"Kerr Kett 

An alteration of the power level is 
achieved by adjusting the reactivity 
to make the reactor subcritical or 
supercritical, and by readjusting the 
reactivity to zero again as_ the 
desired power level is attained. 


Reactivity 


A number of phenomena _in- 
herently affect the reactivity of the 
system, the most significant of these 
are change of temperature, pressure 
and density, fission product build-up 
and fuel burn-up. The significance 
of these various effects varies with 
the type of reactor, but the magnitude 
of the phenomena must be taken into 
account in deciding the amount of 
excess reactivity to be invested in the 
control system. Numerous methods 
of reactivity control are possible, the 
most useful being: 

(i) adjustment of absorbers; 

(ii) adjustment of the concentra- 
tion of fuel; 

(iii) change of flux geometry by 
adjustment of quantity of 
moderator; 

(iv) adjustment of reflectors; 

(v) adjustment of plant conditions, 
to obtain predictable chan- 
ges of the inherent reacti- 
vity. 

The method adopted in each case 
will depend on the type of reactor 
being considered, and whether it is 
classified as “thermal” or “ fast,” 
i.e., having neutron energies below 
10 eV or above 100 keV respectively. 
The most common methods used are 
the adjustment of absorbers in estab- 
lished thermal reactors or movement 
of fuel elements in fast reactors. 

The apparatus of a nuclear power 
plant can be considered as belonging 
to two major systems: the reactor 
system and the electrical generating 
system. Energy produced as _ heat 
by controlled nuclear fission in the 
reactor system and transferred to a 
working fluid is converted to elec- 
tricity in the electrical generating 
system and then fed into a power 
distribution grid. 

While the function of the reactor 
system is identical with that of the 
steam boiler in a conventional steam- 
electric plant, the technology is 
entirely different. The electrical 
generating system in a nuclear plant 
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is identical with that in a conven- 
tional plant, both as to the function 
served and the type of equipment 
used, and is usually referred to as 
“the conventional end” of the 
nuclear power plant. 


Element development 


However, nuclear plants under 
construction and projected for the 
near future will operate with the 
steam conditions of conventional 
plants some 25 years ago. In the 
interest of getting more electricity out 
of a given amount of fuel, enough to 
bring down the total per kW/hr 
cost, the trend in conventional power 
plant design has been to higher tem- 
peratures and pressures. The same 
trend is being followed by the present 
nuclear technology. Development of 
fuel elements that will withstand 
higher temperatures will permit more 
favourable steam conditions. 


The nuclear reactor is an assembly 
containing fissionable material in an 
arrangement designed to sustain and 
control a nuclear fission chain reac- 
tion. Fission occurs when a nucleus 
of a fissionable element captures a 
subatomic particle called a neutron. 
The nucleus then splits into two 
lighter nuclei (the primary fission 
products) and at the same time 
energy is released, largely in the form 
of heat. Also, with the fission of each 
nucleus, neutrons are emitted, two or 
three on the average. If at least one 
of these is captured by another 
fissionable nucleus, a fission chain 
reaction, accompanied by the con- 
tinuous production of heat, becomes 
possible. 


Lost neutrons 


Because neutrons are lost in 
various ways which do not lead to 
fission, a chain reaction can be main- 
tained only if the system exceeds a 
certain size, called the critical size. 
This size has a definitive numerical 
value for a particular system but it 
can vary over a wide range of ma- 
terials present and their geometric 
configuration. 

In addition to the critical quantity, 
which is the essential minimum, an 
amount of fuel sufficient for the 
desired energy production must also 
be present. However, too large an 
excess over the critical mass makes 
the reactor more difficult to control. 
Consequently, there is a practical 
limit to the energy that can be pro- 
duced before the reactor must be 


refuelled. Power reactors may con- 
tain up to about 20 per cent. excess 
reactivity over that required to main- 
tain criticality when the core is new 
and cold. They are designed to 
operate from a few months to a year 
or more on a charge of fuel. 


No method is known for utilizing 
the major portion of the energy of 
fission except as heat. This heat 
must be removed continuously in 
some manner. In general, this is 
done by circulating a heat transfer 
medium, called the coolant, through 
the reactor and then through a heat 
exchanger in which the steam is pro- 
duced. 


An unusual feature of a nuclear 
reactor is that, in principle, the power 
output is independent of its size. 
Power is determined essentially by 
the rate at which heat can be removed 
from the reactor. A small reactor 
could be designed to produce tre- 
mendous amounts of power if the 
required extremely high heat transfer 
rates could be achieved. 


Fuels 


Uranium and thorium are the basic 
materials for the production of 
nuclear energy. However, when 
thorium and most of the natural 
uranium (the 99-3 per cent. that is 
U238) capture neutrons they do not 
usually fission. Instead they yield 
products that undergo spontaneous 
changes leading to the formation of 
new fissionable nuclei. In this way, 
the inactive U238 and Th232, called 
fertile materials, are converted into 
different elements, Pu239 and U233, 
respectively, which are fissionable 
and which can be used as nuclear 
fuels. 

Since, on the average, two or three 
neutrons are emitted for every 
nucleus that fissions, but only one is 
required to maintain the chain reac- 
tion, it is apparent that if a reactor 
could be designed with sufficiently 
small loss of neutrons it should pro- 
duce a substantial amount of new 
fissionable material from the fertile 
material it contains. Indeed, it has 
been found possible in some reactors 
to produce in this manner even more 
fissionable material than is consumed 
in the operation of the reactor. This 
is called breeding. A breeder reactor 
is said to have a regeneration ratio 
of more than one. When the amount 
of new fissionable material generated 
is the same as the amount burned, 








the ratio is one; and when the ma- 
terial produced is less than that 
burned, the ratio is less than one. 


Most neutrons produced by the 
fission process have high energy 
initially by reason of their very high 
velocities, which range up to one- 
tenth the velocity of light. In their 
passage through matter, the neutrons 
collide with atomic nuclei and a 
transfer of energy occurs from the 
fast neutrons to the relatively slow 
moving nuclei, with a corresponding 
decrease in the energy of the former. 
Because U235 and U233 are fissioned 
more readily by slow neutrons than 
by fast neutrons, the latter in many 
reactors are slowed down, or moder- 
ated, deliberately. Reactors in which 
most of the fissioning is caused by 
slow, or thermal neutrons of low 
energy, are called thermal reactors 
while those in which most of the 
fissioning is caused by fast, or high- 
energy neutrons, are called fast 
reactors. 


Some neutrons in a reactor must 
be lost. This may happen in a num- 
ber of ways; they may, for instance, 
leak from the reactor core and escape 
to the shield. This loss can be 
reduced by adding a reflector around 
the core proper. The reflector, made 
of a moderating material, scatters a 
significant percentage of the escaping 
neutrons back into the core. Neu- 
trons may be absorbed by the fuel 
without fission, by the moderator, 
and by various other substances 
(poisons) such as structural ma- 
terials, coolant, fission products and 
impurities in the fuel and moderator. 
Fertile material may capture neutrons 
to produce new fissionable material. 

The practicability of a self-sustain- 
ing chain reaction depends on the 
extent to which the neutrons take 
part in these competing processes. 
Assume that on the average 24 
neutrons are produced by each 
fission. If 14 of these were lost, the 
remaining one would be sufficient to 
maintain the chain reaction. Such a 
system is said to be critical. If an 
average of less than one neutron per 
fission returns to the chain reaction, 
the chain is convergent and the sys- 
tem is said to be subcritical. If more 
than one neutron returns, the system 
is supercritical and the chain is 
divergent and dangerous. 


A reactor is usually controlled by 
positioning within it rods of ma- 
terials having a high neutron capture 
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cross-section, sometimes called “‘poi- 
sons.” When these control rods are 
fully inserted into the mass of fission- 
ing material, they absorb more than 
enough neutrons to stop the chain 
reaction. As they are slowly with- 
drawn, a point is reached at which 
the reaction is just able to maintain 
itself, that is, the number of neutrons 
in each generation equals the number 
in any other generation. If the rods 
are pulled out further, the neutrons 
are able to multiply, that is, to pro- 
duce an increasing number of neu- 
trons in each succeeding generation, 
and the reactor operates at increasing 
power. 


To reduce the multiplication rate, 
the rods are simply pushed back in. 
Control may be maintained by rela- 
tively slow operation of the control 
rods as a result of the phenomenon 
of delayed neutrons. Most, but not 
all, neutrons emitted in the fission 
process fly out the instant the fission- 
able atom is split. These prompt 
neutrons comprise about 99 per cent. 
of the total number emitted. How- 
ever, some fission fragments throw 
off additional neutrons after a short 
delay averaging 10 seconds. These 
delayed neutrons set the time scale 
at which the neutron-multiplication 
in the reactor builds up and this 
timing is such that mechanical con- 
trols are easily able to regulate the 
reactor. 


The ability of control rod material 
to absorb neutrons decreases sharply 





Pressurized water reactor. Key for this 
and subsequent diagrams:—1 Reactor; 


2 Core; 3 Blanket; 4 Boiler; 5 
Steam drier; 6 Intermediate heat ex- 
changer; 7 Feedwater pump; 8 Cir- 
culating pump; 9 Turbogenerator; 10 
Condenser; 11 Primary coolant; 12 
Intermediate coolant; 13 Steam: 14 
Condensate; 15 Circulating fuel 


as the energy of the neutrons they 
absorb increases. Consequently, the 
use of neutron absorbers, or poisons, 
is not practical for fast reactors. In 
these reactors, the control principle 
used is to move parts of the reactor 























Boiling water reactor 


core or reflector, thus regulating the 
leakage of neutrons. Poison-con- 
taining control rods are very effective 
for slow or thermal reactors. 
Nuclear reactor design is still in 
its infancy. Many different types of 
reactors have been built and many 
others are proposed. Nevertheless, a 
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Plan view of Shipping- 
port pressurized water 
reactor power plant. 
This 100,000 kW turbo- 
generator plant uses 
highly enriched seed fuel 
and natural uranium 
blanket 















































Key:—1 Reactor; 2 Steam generator; 


3 Primary coolant pump; 


Oo © © © 


4 Turbogenerator 


unit; 5 Condenser; 6 Boiler feed pump; 7 Pressurizer; 8 Containment vessel 
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with relatively small amounts of 























Key:—1 Reactor; 2 Steam drier; 3 Feed water pumps; 4 Turbogenerator unit; 5 Con- 
10 Emergency poison injection system; 
system; 14 Startup heater 


denser; 9 Coolant purification; 


number of general features are com- 
mon to nearly all reactors. There is 
much uncertainty concerning the 
optimum design for reactors and 
there are a large number of techno- 
logical problems for which entirely 
satisfactory solutions are not yet 
known. The principal design vari- 
ables are as follows: 

Fuel: The fissionable component 
may be U235, Pu239 or U233. The 














Sodium graphite reactor 


fertile component may be U238 or 
Th232. 

Fuel enrichment: The fissionable 
content of the fuel may range from 
0-7 per cent., as in natural uranium, 
to concentrations in the neighbour- 
hood of 90 per cent., as in highly en- 
riched uranium. In general, the 


FLOW DIAGRAM 


highly enriched fuel. 





oe —— Moderator: Moderating materials 
water reactor, rgonne : - . ; ‘ 290. 
Sioa  Sitesatars. which may be used in thermal reac 






Electrical output 5,000 tors include light and heavy water, 


kW, fuel 1:4 per cent. graphite, beryllium and _ certain 
enriched uranium 
hydrocarbons. 
Coolant: Coolants used _ include 


light and heavy water, gases such as 
13 Feedwater 


from pure metal, metal alloys or 
ceramics (metallic oxides) and are 
usually clad with, or encased in, cor- 
rosion resistant metals such as zir- 
conium, aluminium and_ stainless 
steel. The latter include aqueous and 
liquid metal solutions, slurries and 
fluidized solids. 

Fuel economy: The basic choice is 
between a non-breeder and a breeder 





Aqueous homogeneous reactor 


air and carbon dioxide, fused salts 
and liquid metals such as sodium- 
potassium and molten bismuth. The 
choice of coolant has a major effect 











Experimental breeder re- heies ae 
actor No. 2, Argonne \\ 
National _ Laboratory. | 


Electrical output 20,000 
kW, fuel 45 per cent 
enriched uranium or 24 

per cent plutonium 


FLOW DIAGRAM 











Key:—1 Reactor; 2 Steam generator; 3 Primary coolant pump; 4 Homopolar generator; 

5 Turbogenerator; 6 Condenser; 7 Feed pump; 8 Fuel handling system; 9 Subassembly 

storage; 10 Intermediate heat exchanger; 11 Control room; 12 Intermediate Nak pump; 
13 Feedwater heater 


system. A breeder reactor is designed 
to produce more new fissionable 
material than it consumes. Breeders 
may combine fissionable and fertile 
components in the reactor core or 
there may be a separate breeder zone 
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ment, Atomics _ Inter- 

j}@ e national, 7,500 kW tur- 
bogenerator, fuel is 2-9 

| a * ° per cent. _—_ enriched 


e uranium 


Key:—1 Reactor; 2 Steam generator; 3 Primary coolant pumps; 4 Turbogenerator unit; 


5 Condenser; 
exchangers; 


6 Boiler feed pump; 
9 Sodium fill systems; 


7 Fuel discharge system; 
10 Air blast heat exchanger; 


8 Intermediate heat 
11 Cold trap and 


economizer; 12 Expansion tank 


more enriched fuels permit smaller 
core sizes. 

Fuel form: The basic choice is 
between solid fuel elements and fluid 
fuel. The former may be fabricated 
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Fast breeder reactor 
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or blanket. Central station non- 
breeders generally contain fertile 
material and hence are designed to 
produce some new fissionable ma- 
terial though not as much as they 
consume. 

Neutron spectrum: The basic choice 
is between thermal (moderated) and 
fast (unmoderated) neutron systems. 
Fast neutron systems require highly 
enriched fuel. Thermal systems 
generally use slightly enriched fuel or 
natural fuel “‘ spiked ” or “* seeded ” 


on the engineering design of a power 
reactor. 

In the pressurized water reactor 
fission heat is removed from the 
reactor core by water pressurized at 
about 2,000 Ib/sq.in. to prevent boil- 
ing. Steam is generated in a heat 
exchanger. 

Water is the cheapest coolant and 
moderator. It is well known as a 


| pened 
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Organic moderated reactor 








heat transfer medium and the cooling 
system is relatively simple. This is 
the most developed system and has 
been proved in submarines. Due to 
the high pressure, the cost of pressure 
vessels and the leak-proof primary 
system is considerable. Corrosion by 
rapidly circulating high pressure hot 
water presents a formidable problem. 
Steam is produced at relatively low 
temperatures and pressures. Con- 
tainment enclosure must be provided 








to contain any release of energy from 
the primary coolant in the event of 
system failure. 

Fission heat in the boiling water 
reactor is by conversion of water to 
steam in the core. 

Reactor pressure is less than in the 
primary circuit of the pressurized 
water reactor, yet the same pressure 
is delivered to the turbine. Heat ex- 
changer, pumps and other equipment 
can be eliminated. There is an in- 
herent safety characteristic because 
the power surge reduces power by 
increasing void formation. Carry 
over of radioactivity to steam equip- 
ment may make maintenance diffi- 
cult. Containment enclosure _ is 
necessary. 

In the sodium graphite reactor, 
sodium takes high temperature heat 
from the graphite-moderated core to 
an intermediate heat exchanger. 

High pressure on the primary sys- 
tem is eliminated because of the 





Liquid metal fuelled reactor 














6 


liquid metal’s high boiling point. 
Steam is generated at fairly high 
temperatures and pressures. The 
corrosion problem is greatly reduced. 
High radioactivity of alkali metal 
and its violent chemical reaction with 
water necessitate two heat transfer 
systems to eliminate the hazard of 
generating radioactive fumes. The 
core is fairly complex. Low pressure 
of the liquid metal reduces contain- 
ment problems. 

Heat from fission by fast neutrons 
in the fast breeder reactor is trans- 
ferred by sodium coolant through an 
intermediate cycle to boilers, as in 
the sodium-graphite type. Neutrons 
escaping from the core into the 
blanket breed fissionable Pu239 from 
fertile U238. 

This reactor is designed to breed, 
that is, produce more fissionable 
material than is consumed. There is 
a wide choice of structural materials 
as a result of low absorption of high 
energy neutrons. Low absorption of 
neutrons by fission products makes 
possible high burn-up fuel. A small 
core, with small heat transfer area, 
intensifies heat transfer problems. 
Physics of the core, including short 
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neutron lifetime, makes control diffi- 
cult. Low pressure of liquid metal 
reduces containment problems. 

In the aqueous homogeneous reac- 
tor, heat from circulating aqueous 
solution or slurry of fuel and 
moderator forms steam in the boilers. 
Slow neutrons from the core breed 
fissionable U233 from fertile Th232 
in the blanket. 

The system has a high degree of 
inherent stability; control rods are 
not required. Fuel element problems 
(fabrication, stability, corrosion, etc.) 
are avoided by eliminating the ele- 
ments. Continuous chemical pro- 
cessing of irradiated fuel becomes 
possible. The fuel solution is ex- 
tremely corrosive and becomes highly 
radioactive. 

Core and blanket and the primary 
systems must be kept at very high 
pressure, as in pressurized water 
reactors to prevent boiling. Precau- 
tions must be taken to avoid accumu- 
lation of a critical mass outside the 
reactor vessel. Containment precau- 
tions need special attention since fuel 
containing fission products is circu- 
lated through a number of compo- 
nents. 

Heat is removed from the core of 
the organic moderated reactor by 
organic coolant at low or moderate 
pressures. Steam is generated in a 
boiler or heat exchanger. 


Little radioactivity 

High pressure on coolant is 
avoided and higher temperatures can 
be reached than with pressurized 
water. Organic coolant becomes 
only slightly radioactive and causes 
little corrosion. Hydrocarbon cool- 
ant may deteriorate and cause fouling 
or scale formation on the fuel ele- 
ments. Heat transfer characteristics 
are not as good as with water. 

In the liquid metal fuelled reactor 
heat from circulating molten bismuth 
metal used as a carrier for fuel, 
forms steam in boilers. This com- 
bines the advantages of liquid metal 
cooled and homogeneous reactors: 
no fuel element problems, high tem- 
perature without high pressure on 
coolant or fuel, and continuous chemi- 
cal processing. Availability of bis- 
muth may limit the number of reac- 
torsofthistype. Lowsolubility of uran- 
ium in bismuth imposes severe limita- 
tions on design and performance. 
Corrosion and mass transfer may be 
problems. Radioactivity of fuel 
stream may require an intermediate 


liquid metal fuel and transfer system. 
A very high degree of leak tightness 
is required to prevent escape of polo- 
nium formed by neutron irradiation 
of bismuth. 

With the gas-cooled reactor, heat 
from the reactor is carried by gas to 
a turbine where it becomes mechani- 
cal energy; gas returns to the reactor 
in a closed cycle. 

Good efficiency can be achieved 
with a minimum gas temperature of 











Gas-cooled reactor for gas turbine 


1,400°F. Minimum corrosion of fuel 
elements will be caused by an inert 
gas. Design of fuel elements with 
reasonable life expectancy at the 
high temperatures is very difficult. 
Contamination of the turbines may 
result from fuel element failure or 
from build-up of radioactive impuri- 
ties in gas. This type is limited to 
smaller power outputs because of 
inherent limitations on turbine size. 

In the heavy water reactor, DO 
serves as reflector and moderator, it 
may be pressurized or unpressurized. 
Coolant may be pressurized, heavy 
water, light water or another liquid. 

Good neutron economy permits 
use of low cost natural uranium for 
the entire fuel charge. Plutonium is 
produced and very long possible fuel 
burn-up should help lower costs. 
Design and operating experience 
from operating reactors have already 
provided valuable information. The 
large size necessary for criticality 
leads to a very expensive pressure 
vessel which is difficult to fabricate 
or to the use of individual pressure 
tubes around each fuel element with 
problems of large reliable headers. 
Heavy water is expensive and subject 
to loss. Considerable development is 
necessary for equipment to operate 
at power plant temperatures. 

The development of a basic nuclear 
technology requires contributions 
from almost all disciplines of science 
and branches of engineering. Physics, 
mathematics, chemistry and biology 
are basic to the phenomena associ- 
ated with reactors; both fundamental 
and applied research are being carried 


(Continued on page 473) 
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Nuclear Training and 
Research Equipment 


HE injector for the 7 BeV proton synchrotron under 
construction for the National Institute for Nuclear 
Physics and to be installed at the Rutherford Laboratory 
is an Alvarez type proton accelerator of 15 MeV energy. 
The design of the vacuum envelope, inner liner and 
drift tubes, has been a joint project between scientists and 
engineers at Harwell and in the Nuclear Section of 
Vickers-Armstrongs (Aircraft), Ltd. 

The basic work has been carried out at Harwell and 
the Vickers contribution to the design has been mainly 
in mechanical engineering where the aircraft designer’s 
approach has led to a number of interesting technical 
innovations. 

The operating frequency of the linear accelerator 
is 110 mc/s which gives rise to an inner liner diameter of 


by Otto F. Joklik 


67:2in. The problem of providing adequate stiffness, 
when the liner rests on only two supports, has been solved 
by designing the liner as an inverted aircraft fuselage. 
This provides a very neat and economical solution. It 
is of interest to note that the liner bears a striking 
resemblance to an inside-out version of the fuselage of the 
Spitfire, which was built in the same Vickers-Armstrong 
plant. Considerable effort has been expended on the 
development of techniques for joining the sheets of copper 
forming the skin of the liner. A special argon-arc weld 
produces negligible distortion in the sheet. 

The mechanical design of the drift tubes is also of 
interest. Each tube contains a quadruple assembly 
which is cooled independently of the drift tube skin. 
Since the tolerances on dimensions and drift tube to 





Proton linear accelerator 8 Drift tubes progressively increasing in 18 Main frames and liner supports 
1 Drift tube mounting length 19 Vacuum Vessel 
2 Wall of R.F. liner 9 Proton input 20 Copper shell cooling points 
3 Flexible copper conductor to transmit 10 Endplate cooling tubes 21 Support and vacuum pumping tube 
R F. from linear to drift tube 11 Flight tube to synchrotron 22 Copper R.F. conductor tube 
4 Copper R.F. conductor tube 12 Access hatch ; 23 Copper shell (R.F. conductor) 
5 Send enpgent tube 13 Roller mounting for axial expansion 24 Copper R.F. conductor tube 
; : P 14 Support points 25 Cooled magnet conductor tubes 
6 Radio frequency liner. 4 in. H.C. copper 15 Manually adjusted flatteners 26 Steel support tube 
shell with stainless steel stiffening ring 16 Pumping slots 27 Magnet coils 
7 Support stems and R.F. connections 17 Cooling tubes 28 Magnet yoke 
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Reactor core 
Visual presentation of trips in reactor con- 
trol room 

Visual warning console temperature mea- 
surement and heater control 

Connection to heater and thermocouples 
Top plug filled with araldite and lead shot 
Thimble 

Inert gas purge 

Heater leads and thermocouples 


Stubs to locate drum concentrically in 

thimble 

10 Specimens 

tl Heater 

12 Specimen carrier 

13 Nickel and cobalt wires for flux measure- 
ment 

14 Tapered guide 

15 Cooling water 


Typical materials irradiation rig 


drift tube separation are very tight, the outer skin of the 
drift tube is constructed as a vacuum tight barrier and the 
inside of the tube is pumped to rough vacuum in order 
to overcome distortion of the tube due to pressure 
differential. 


Loops and Rigs 

Vickers have been concerned with the design and 
construction of several loops and rigs in collaboration 
with the UKAEA. Rigs have been supplied for opera- 
tion in DIDO and PLUTO at Harwell and for the DMTR 
at Dounreay. 

Design provides specifically for uniform heating by 
containing the specimens in a drum manufactured in a 
high thermal conductivity material, so that temperature 
variations do not exceed 10°C. The rig is cooled by the 
reactor heavy water flow along the outer surface of the 
thimble. 

The amount of heat which may escape from the rig 
to the cooling water is controlled by conduction across a 
gas gap of selected size. This gas gap is calculated so 
that under all reactor conditions the specimens are over- 
cooled; they may then be brought up to temperature by 
an electric heater which is “* locked on” to the desired 
temperature either by a closed loop or an intermittent 
controller. 

Nickel and cobalt wires are inserted in the specimen 
carrier for the measurement of the flux to which the 
specimens have been exposed. Thermocouples in the 
specimen carrier control the heaters, provide a visual 
temperature record on paper and operate warning lights 
and reactor safety trips. 

This type of rig requires manufacture to fine limits 
as the loss of heat from the specimen carrier is entirely 


controlled by the dimension of the gas gap, which is 
limited to 0-0005 in. 

A rig of the above-mentioned type is now on proof 
trial, out of pile, concerned with the heating of beryllia, 
to temperatures of above 1,000°C. and requires the most 
stringent testing, as overloading the reactor primary 
cooling system would have serious results. 

The study of complex loops prior to design and con- 
struction frequently involves the use of an electrical 
analogue for part of the circuit. The Physics Laboratory 
at Vickers, South Marston, is equipped with a recording 
and exchange console which communicates directly 
with the analogue computers in the Mathematical 
Services Section. The re-transmitted parameters are 
recorded by mirror galvanometers on up to 25 channels 
and by cathode ray tube display. The return signals may 
also be fed back to the loop to complete the circuit to 
simulate the effect of transient conditions. 


Periscope 

The top dome viewing periscope has been designed 
for use in the nuclear reactors of power stations. The 
periscope enables an examination to be made inside 
the dome of the pressure vessel and permits observation of 
the fuel charging equipment. It is constructed in two 
parts, one containing the scanner-head and image 
inversion corrector mechanism, located within the reactor 
pressure vessel and the other an operating head which 
houses the external control mechanism, the light source 
and the eyepiece. This feature enables the periscope to be 
inserted by the fuel charge machine into the pressure 
vessel whilst under low-power operating conditions. The 
glass of the optical systems is such as to be able to 


459 








NUCLEAR ENERGY—NOVEMBER, 1961 


Operating head and top of periscope 


1 Choke unit for 

mercury vapour 

lamp 

Operating head 

Scanning mirror 

vertical control 

Mercury vapour 

lamp housing 

Interlock ring 

Flap valve 

Telescopic light 

shield 

Retraction rods 

Periscope 

Mirrors, off- 

setting illumina- 

tion and viewing 

paths(preventing 

neutron stream- 

ing) 

11 Eyepiece 

12 Scanning mirror 
horizontal con- 
trol 

13 Drive rod re- 
traction control 

14 Flap valve con- 
trol 

15 Pile cap and bio- 
logical shield 

16 Horizontal scan 
control rod 

17 Vertical scan 
control rod 

18 Couplings 

19 Illumination 
path 

20 Viewing path 
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withstand the prevailing radiation conditions. The 
design can be tailored to suit individual requirements. 

The periscope provides a field of view approximately 
30 in. in diameter at 12 ft distance from the scanner-head 
at a magnification of 2:1. Vertical scan of the light path 
is arranged to cover a field from a point 17 ft above the 
horizontal line of sight at 12 ft radius, to a point below 
at 8ft 6in. radius. Continuous horizontal scanning 
through 360° is provided at all angles of elevation or 
depression. 

The light source consists of a high-intensity mercury 
vapour lamp located in the operating head. The il- 
lumination light path is independent of that used for 
viewing and to project the light over the length of the 
periscope it is confined within glass tubing. The viewing 
and illumination light paths impinge simultaneously on 
the scanner-head mirror which allows the use of a 
concentrated light beam to cover the field of view in 
all positions of scan. 

Because of the stationary viewing position, an image 
inverter corrector mechanism has been incorporated to 
maintain a vertical image. 

Independent, manually operated scanning controls 
are provided and the design incorporates various inter- 
locking devices to ensure safe operation of the equip- 
ment. 


Vacuum Systems 

A range of vacuum pumping systems has been designed 
for evacuation of equipment to an ultimate vacuum of 
10-"mm Hg. The systems incorporate oil diffusion 
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scope 








1 Top dome of reactor 
pressure vessel 
Illumination tube 
Vertical scan control 
Glass tube 

Scanning mirror 
Lens unit 
Horizontal scan 
control 

Image inverter cor- 
rector mechanism 
360° continuous 
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Optical system 
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Viewing path 
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13 Image inverter 
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pumps, rotary oil-sealed Vane pumps, cold traps, 
vapour traps, valves, couplings and gauges. 

To minimize back-streaming of oil vapour into the high 
vacuum system, a cold baffle is interposed at the entry 
to the diffusion pump and to safeguard the system in the 
event of failure of the forepump a magnetic valve is 
inset in the foreline. 
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Vacuum Equipment 


The demand for vacuum vessels is being met by the 
design of a range of equipment of which the Active 
Material Casting Unit is a particular example. This 
assembly enables alpha active materials to be centri- 
fugally cast or injection moulded under vacuum con- 
ditions. The vessel is contained in a large glove box and 
all operations are carried out through the usual glove 
sleeves. 


Glove Boxes 

Glove boxes are required for a variety of tasks involv- 
ing the handling of alpha-active materials and can be 
supplied in mild steel, or fibreglass incorporating Perspex 
windows or they can be made entirely of Perspex. 
Standard glove and posting ports are fitted at the most 
suitable locations. The boxes can be provided for 
perforation by the user to meet any special requirements 
and are usually connected to an inert gas system via a 
glass-paper alpha filter and maintained at a pressure 
slightly below ambient. Special facilities may be supplied 
with the box such as a vacuum or nitrogen system for a 
closed container inside the box. The container can house 
a small heat-treatment or casting furnace for metal- 


1 Vacuum chamber 
2 Air relief valve 

3 Cold baffle 

4 Diffusion pump 
5 Backing line 

6 2-way valve 

7 Gauge 

8 Magnetic valve 
9 Trap 

10 Rotary pump 








Flasks are required in a wide variety of forms for 
transporting active fuel elements, loops and rigs into 
and out of reactors and storage blocks. Remote handling 
requirements demand that the equipment be constructed 
to fine limits of reliability and precision to avoid blockage. 


Physical Apparatus 

Typical of specialized equipment now in demand are 
Cerenkov detection apparatus, ionization chambers and 
modern developments of the Wilson cloud chamber. The 
latter includes the use of deflector magnet fields to mea- 
sure the sign and momentum of charged particles and the 
use of high-pressure gas filling to increase the probability 
of the nuclear events taking place, although continuously 
running devices such as the diffusion cloud chamber and 





lurgical specimens. 


bubble chamber are becoming more widely used. /\ /A\ A 


Trade Literature Reeeived 


The Cambridge Magnetic Oxygen Meters 
(List 281/2) determine oxygen concentra- 
tions using methods based on the high para- 
magnetic susceptibility of the gas. The fact 
that all other common industrial gases, 
except nitric oxide, are diamagnetic enables 
accurate oxygen analysis to be carried out. 
The two types of instrument available, the 
Filament type and the Annulus type, are 
similar in external appearance but incor- 
porate different interchangeable analyser 
units. They are largely complementary and 
have a wide range of industrial applications, 
especially in the measurement of oxygen in 
boiler and cement flue gases. The Annulus 
type is to be recommended particularly for 
oxygen estimations where more than | per 
cent. hydrogen or helium is present or in 
applications where a higher speed of 
response is desirable. It is, however, unlike 
the Filament type detector (which is more 
suited to conditions associated with change 
of level), affected by carbon dioxide and 
must be level when used. Minimum ranges 
are 0-8 per cent. or 0-2 per cent. oxygen 
full scale, depending on the type of indicator 
or recorder used. 


L. Light & Co. have issued a 10-page 
catalogue of the ultra-pure elements which 
they offer, together with typical analysis. 
The catalogue lists over 250 materials in 
sections dealing with single crystals, rare 
earth metals and salts, semiconductor, 
thermoelectric and other high purity com- 
pounds. 


A short form catalogue from EMI 
Electronics, Ltd., deals with nuclear health 
equipment, namely the Hand & Clothing 
Monitor, Type 1, which measures the 
amount of radioactive material accumulated 
on hands and clothing; the Single Hand 
Monitor Type, catering for the smaller 
establishment where radioactive materials 
are handled; the Portable Contamination 
Monitor, Type 1, suitable for the detection 
of the different types of radiation simul- 
taneously or individually; and the Low 
Activity Sample Monitor, a completely 
self-contained counting system which can 
be driven from either batteries or a mains 
supply. 


Four types of magnetic separators are 
described in the recently revised Technical 
Description No. 315 of the General Electric 
Co. These are: pulley or drum type, 
suspension type, chute type, and stand-type 
swarf separators. Information contained 
in the previous publication has been brought 
up to date and particulars of a new range 
of magnetic separator pulleys have been 
included. 


GEC has recently issued a brochure on 
Electric Lifting Magnets. It describes with 
the help of diagrams, circular magnets 
36-38 in. in diameter and 9-30 in. in dia- 
meter; rectangular magnets; bipolar mag- 
nets; control gear and cable drums. An 
illustrated feature shows these magnets in 
service. 


The Cambridge Instrument Co. have 
issued a new publication (List 325) des- 
cribing their standard range of rare- and 
base-metal thermocouples for temperatures 
up to 1,500°C. In general, thermocouples 
are manufactured to customers’ specifica- 
tions and for particular applications, but 
certain types of thermocouple assemblies 
are now produced as a standard range. 
The publication gives details of the factors 
governing the choice of suitable assemblies 
for widely differing applications, and des- 
cribes a simple three-letter coding system 
which simplifies the ordering of stock 
assemblies and replacement parts. 


The Cambridge Instrument Company’s 
List 323/3 describes the Electrochemical 
Dissolved Oxygen Analyser, Mark IV, 
which provides accurate and continuous 
measurement of microgram quantities of 
dissolved oxygen in the feed water of 
modern high pressure steam plants in 
generating stations. The most noteworthy 
feature of the instrument is the physical 
transfer of O, from the sample to the 
measuring cell by scrubbing with hydrogen. 
This gas transfer method provides a highly 
sensitive system that gives completely 
specific analyses of dissolved oxygen con- 
tent down to | gram in 2,000m. grams of 
water. A supplement describes the Cam- 
bridge Dissolved Hydrogen Analyser which 
has been designed to measure H, concen- 
trations within the range 0 to 0-02 p.p.m. 
by weight. \/A\/ 
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Haematogenous Oxidation Therapy 


LEANING and regeneration of 

the blood is by no means a new 
process. First used by the surgeons 
Bier and Henschen over 40 years 
ago, oxygen enrichment of the blood 
immediately produced surprising re- 
sults. Irradiation of the blood and 
transudates and reinjection into the 
body was subsequently introduced 
by Harliceck. In 1956-57 new 
methods were discovered by Hira- 
maya. 

I first began to treat my own blood 
in 1925-26. Blood in a quartz 
syringe was taken from the body and 
submitted to ultra-violet rays reflec- 
ted by two mirrors folded in a right- 
angle. After 10 to 15 minutes the 
blood was reinjected into the vein. 


UV irradiation 

Later, in 1930 I developed a system 
in which the blood was again irra- 
diated in tubes of quartz glass and 
ultra-violet rays reflected on to it by 
a mirror. One cu.cm of blood was 
taken from the vein every hour, sub- 
mitted to UV irradiation and re- 
injected into the other arm. Sodium 
citrate was used to avoid coagulation 
of the blood. However, this caused 
a certain shock to the patient and it 
was clear that methods had to be 
improved. 


Bacterial infection 


In 1933, Braun in Germany and 
Knott in the U.S.A. treated blood 
with ultra-violet rays and then re- 
injected it. Astonishing successes 
were achieved in cases of bacterial 
infections. 

Attempts were made in 1935 by 
two pupils of Henschen, Haas and 
Kast to combine both methods, 
through oxygen enrichment and irra- 
diation of blood in a quartz cylinder. 
Several cases of fever and tremor 
with high temperatures resulted. | 
tried to improve the method which 
is described in the book “ La Pratique 
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by Prof. Dr. Federico Wehrli 


de la Therapie Physiologique-diet- 
etique de Max Ostermann, 3eme 
edition 1952.” I changed com- 
pletely this method and in 1952-53 I 
developed improved apparatus. On 
one side, the apparatus is filled with 
untreated venous blood or stored 
blood. This blood is placed on a 
crystallized glass filter, above which 
the oxygen as gas is introduced into 
the blood and a great foam of 
bubbles is formed in a container. 
The UV rays of a quartz lamp at 
low pressure act on the bubbles of 
foam. 

The bubbles of blood appearing 
above the oxygen or ozone are 
reduced in the container of the ap- 
paratus. In any case, in the process 
there is neither pressure nor acting 
vacuum on the Erythrocytes. 

There is an enormous change in 
the blood, especially in its colour 
before and after the treatment. 


New elements 

For years (I am talking here of the 
works of Henschen, etc., and others), 
it was admitted that the oxygen, as 
such, acted as a reaction factor in the 
therapy. It has been agreed recently 
that other elements must be formed, 
and this explains the therapeutic 
successes. 

The clinical observations denote 
in cases of transfusion that 80 per 
cent. of blood can be spared. This 
allows us to establish that a quantity 
of treated blood, SOcu.cm, has 
realized by its regeneration or reac- 
tion an increase of capacity for the 
transfer of oxygen and is equal to 
400 cu.cm of untreated blood. This 
could be beneficial in the future in 
the way of general transfusions and 
in cases of artificial heart and lungs. 

Through the influence of the UV 
rays on oxygen one obtains ozone. 
Albers has found that from these 
ozonic formations originates a new 
peroxide. Furthermore he found 


that this peroxide exists in the 
organism for over nine months in 
the form of a catalyst. According to 
Pischinger, these peroxides have their 
origin in the fatty, non-saturated 
acids in the blood. The peroxides, 
Albers claimed, showed themselves 
highly effective in transferring oxy- 
gen. Therefore, it is not the actual 
relatively small quantity of oxygen 
that is introduced into the patient 
additionally as oxyhaemoglobin 
through arterialization of venous 
blood taken from the patient that is 
responsible for the therapeutic effect, 
but the capacity for making use of 
the oxygen circulation in the blood. 
You will then notice that the cata- 
lysts are similar to the enzymes. 


Animal experiments 

Marquardt and his assistants, 
Kapfhammer and Ziegler of the 
University of Freiburg i.Br., tried to 
prove with treatments on animals 
that this method of haematogenous 
oxidation has no detrimental effect. 
In each case, of course, the patient’s 
condition must be taken into con- 
sideration. Marquardt noticed that 
in the physiological conditions of the 
blood in the body there is a bio- 
electric oscillation of Redox potential 
of +200 m.V. 

At the moment when the blood 
is taken out of the vein the values 
of —200m.V. immediately decrease 
to -310 m.V. or below. 


Auto-oxidation 


This phenomenon reproduces itself 
in the conserved blood or blood bank 
blood which decreases to —347 m.V. 
or below. This is the result of the 
auto-oxidation of the blood, when it 
is taken out of the lung. Marquardt 
noted that when methylene blue is 
added to the blood, the Redox 
potential increases. This process can 
be reversed. 








According to Marquardt and his 
co-workers the effect of blood treated 
with the H.O.T. apparatus acts in 
the contrary way, this normalizes it 
itself and the values return to —200 
m.V. The same observation was 
made with conserved blood as the 
normalized values are continuously 
active. This proceeding explains the 
therapeutic reactions in the patho- 
logical alterations of the circulation 
as well as the anoxemia of the myo- 
cardium. That is why the conserved 
blood or the transfusion blood is 
more bearable and shows that quanti- 
ties of one-quarter or one-sixth have 
therapeutic effects superior to those 
in transfusion with untreated blood. 
Parke Davies proved that the UV 
rays in their sphere of action have 
sterilizing influence on the microbes 
as well as on the virus. Hoetzl gave 
full details in his conferences at 
Montecatini and Karlsruhe of ex- 
periences with therapy by haemato- 
genous oxidation. 


Hepatitis virus 

With the hepatitis virus, for which 
no known theory exists, Hoetzl has 
been able to demonstrate in clinical 
research a complete cure in three to 
four weeks. No definite cure is 
known for the hepatitis virus, but 
we applied the treatment as for a 
liver injury with all its consequences. 

The pulse control showed enor- 
mous changes, thanks to the control 
of circulation. Similar results have 
been realized through cardiotomo- 
graphy (Plesch) and electrocardio- 
graphy. 


Brain atrophy 


Another interesting case is that of 
a patient born in 1893. He was 
usually in good health until 1950, 
then symptoms of arteriosclerosis 
appeared, weight increased and 
memory began to lapse. In 1952, 
after a psychiatric check-up, he was 
sent to a mental home in Graz with 
a diagnosis of frontal brain atrophy 
and cerebral sclerosis. Deficient 
orientation of place and time, apathy- 
debility, dementia, speech disturb- 
ances, etc. The encephalogram 
showed signs of diffused brain 
atrophy, particularly frontal. The 
patient was confused, restless, dis- 
turbed and had been treated with 
euphylline, antibiotics, etc. I began 
treatment in November, 1952. After 
two months’ treatment the patient 
was able to resume light work. 
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In certain nervous system cases 
considerable success has been achie- 
ved. One case of schizophrenia was 
given over 50 electric shocks and 
insulin treatment (hypoglycaemia). 
After 15 months of treatment at my 
clinic he was able to leave and was 
capable of earning part of his living 
and taking part in family life. The 
treatment was combined cellular 
therapy and 14 H.O.T. treatments. 

In addition to arteriosclerosis we 
also treated other forms of circulation 
troubles. With glandular cancer the 
H.O.T. treatment is giving certain 
hope. 


Gangrenous treatment 


H.O.T. treatment was used on a 
56-year-old train conductor after an 
operation for adeno-carcinoma of 
the right central bronchus. Six days 
after the operation he developed a 
strong cough, which reopened the 
wound and a gangrenous hole was 
formed. He was in a desperate state. 
After the third H.O.T. treatment the 
gangrenous smell completely dis- 
appeared and the wound began to 
close itself. After four applications 
the patient was able to return home. 

In 1948 one of my patients hit her 
breasts against a door and in 1949 a 
cancer began to develop in_ the 
breast as well as pneumonia metas- 
tasis. This was treated with 96 
X-rays, as a result of which the 
whole right breast and the arm to 
the hand was burned and became 
completely gangrenous. The smell 
was noticeable at 10 m distance. She 
had only two to four weeks to live. 
Nobody thought she would get well 
again. We began the treatment at 
once with great quantities of blood 
(200 cu.cm each time), using blood 
bank blood. After the third treat- 
ment, the gangrenous smell dis- 
appeared completely. 


Tumour cured 

This patient came back regularly 
once a year, and the tumour re- 
mained in its flesh form. In 1957 
she was not able to come and a few 
months later a hole of 3-4 cm formed 
itself just under the tumour out of 
which came a fetid odour. We 
repeated the H.O.T. treatment with 
blood bank blood and plasma. After 
the fourth treatment the wound 
closed itself. The patient came every 
year and is still working, giving 
breathing gymnastic courses in a 
hospital. 


The research of Albers, 1956-58, 
proved the existence of new sub- 
stances unknown until then. Ziegler 
found out that Albers’ peroxides are 
responsible for the transfer of oxygen. 

Warburg confirmed the formation 
in the irradiations with X-rays and 
gamma rays of H,O, (=HHOO). 
According to Professor Joklik, it was 
ascertained that in the H.O.T. treat- 
ment we are able to consider the 
Albers peroxides as Atom O, due to 
deliver the HHOO from O so that 
HHO & O H,O & O is obtain- 
able. 

I have described in this article the 
development of the H.O.T. treatment 
and used a few clinical cases as illus- 
tration. I do not claim that this 
method can be used to treat the real 
cause of cancer. The point is that 
you are able to obtain a reaction 
owing to the peroxides discovered by 
Albers. These peroxides accelerate 
the cellular respiration. 

Respiratory circulation is per- 
mitted by these peroxides and certain 
reactions and results occur which 
have only recently been discovered. 
With the peroxides in question, it is 
possible to free organic resistance 
and so make the body sensitive to 
medicine. Albers in his last work 
has precisely shown the elimination 
of the organic resistance. 


Monographs Received 


Human Bone Metabolism Deduced from 
Strontium Assays, by F. J. Bryant and J. F. 
Loutit. Published by Chemistry Division, 
AERE, Harwell. Reference AERE-R3718. 
Available from HM _ Stationery Office. 
Price 8s. 

Data Requirements for the 1960 Version 
of Stab, by A. R. Curtis, J. G. Tyror and 
H. E. Wrigley. Published by Theoretical 
Physics Division, Industrial Power Reactors 
Division and Computer Branch, AERE, 
Harwell. Reference AERE-M898._ Avail- 
able from HM Stationery Office. Price 4s. 

The Determination of the Total Gamma- 
activity of the Shore Sand, Sea Silt, Seabed 
Mud, Vegetation, Seaweed, Fish Flesh and 
Natural Waters, presented by the Technical 
Manager (Chemistry), Windscale. Pub- 
lished by the Production and Engineering 
Groups, Risley. Reference PG Report 
242(W). Price 1s. 6d. 

The Omegatron, by P. G. Bentley and 
J. Leece. Published by the Development 
and Engineering Group, Risley. Reference 
DEG Report 327(CA). Available from 
HM Stationery Office. Price 4s. 

The Fate of Radioactive Effluent Dis- 
charged from AERE Harwell into the River 
Thames, 1. A Preliminary Survey, by A. 
Morgan and Mrs. G. M. Arkell. Published 
by Health Physics Division, AERE, Har- 
well. Reference AERE-R3555. Available 
from HM Stationery Office. Price 4s./\/\ 
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Institution organizes First International Symposium 


EEE have been made by the Institution for an International 

Symposium to be held in Palermo, Sicily in May, 1962. At this Symposium, 
the first of its kind organized, papers will be presented by leading Europeans 
in the nuclear field. Support for the project, which is to be held at the new 
Italian Government Research Institute in Palermo, Sicily, will be provided 
by CIREN and the Italian Government. Every angle of the vast nuclear 
field will be covered, including the religious side. Simultaneous translation 
will be provided during the Symposium. A more detailed programme will 
be published early next year, but a list of papers is given on the next 
page. Exact dates have not as yet been fixed but the two weeks in the 
middle of May, 1962 should be kept free in your diary if you want to attend 
what must be an historic meeting. 


Sir John Duncanson is to lead the 
British delegation to the Palermo 
Symposium. Without doubt the 
rapid progress of the Institution 
over the last year owes much to the 
apparently boundless energy 

which Sir John expends on our 
behalf, in his capacity as President. 
Much of the work which he has 
carried out over the last year is 
now beginning to show tangible 
results, such as the successful 
organization of this Symposium. 
Sir John has done a great deal to 
further the international relations of 
the Institution; during his recent 
world tour, invaluable contacts 
were established in such distant 
places as New Zealand and the 
U.S.A. 
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First International Symposium Papers 


. Nuclear Fuel for Space Travel—Paper by INucE. 
. Cleaning, Packing and Handling Nuclear Products—I NucE. 
. The Medical Aspects of Nuclear Research—I NucE. 


. Legal Aspects of Space Travel—Prof. Antonio Ambrosini, President of the UN Commission of Space Law, 
President of the AIUS (Associazione Internazionale Uomo nello Spazio) and Professor of Aeronautical Law 
at the University of Rome, Italy. 


. New Aspects in Space Travel—Prof. Eugen Saenger, Director of the Rocket Research Institute, Stuttgart, Germany. 


6. Chemical Anti-radiation Protection—Prof. Albers, Director of the Institute of Medical Chemistry of the University 
of Mainz, Germany. 


7. Psychological and Physical Problems of Space Travel—Dr. Durst-Loebl, Director of the Psychological Research 
Institute of Saarbriicken, Germany. 


8. Shielding of Nuclear Rockets—Capt. Partel, Secretary General of the AIUS, Rome, Italy. 
9. Space Biology and Space Radiations—Prof. Joklik, Vice-president of CIREN, Rome, Italy. 


10. Separation of Radioactive Dust and Aerosols by Special Filters—Dr. Strauss, Director of Research, CEAG (Con- 
cordia Elektrizitaets AG), Dortmund, Germany. 


11. Space Exploration and Religion—Mons. Wiistenberg, Domestic Prelate of the Pope, Citta del Vaticano. 


12. Radiation Protection by the Haematogenous Blood Oxidation Process—Prof. Wehrli, Director of the Clinic Villa 
Montana, Locarno, Switzerland. 


13. Medical Research in the Nuclear and Space Age—Prof. Kuhn (Nobel Prize for Chemistry), Director of the Max- 
Planck Institute for Medical Research at Heidelberg, Germany. 


14. Social Aspects of Work in the Nuclear and Space Age—Avv. Vizzini, Member of Parliament and Member of the 
Directorate of the Social Democratic Party (Saragat). 


15. Nuclear Technology and the Industrialization Programme in Under-developed Countries—M. Stern, Consultant to 
various West African Governments, Paris, France. 


16. Open—Prof. Hevesy (Nobel Prize for Chemistry), Stockholm, Sweden. 


17. Nuclear Research in Germany—Dr. Steimel, Research Director of the AEG (Allgemeine Elektrizitaets Gesellschaft), 
Frankfurt, Germany. 


18. Open—Dr. Eschnauer, Director NUKEM, Hanau, Germany (Degussa and Rio Tinto, etc.). 
19. Radioactive Waters Decontamination. 
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Palermo - the Symposium City 


Return air fare £69-0-0 (approx.) 
Some details Night flights £40-0-0( 4 ) 
for 
. Party booking £63-0-0( ,, ) 
your convenience 
Hotel accommodation £3-0-0 per night 
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Institution 
News 


1,000 Members 


To date 1,034 people have been 
accepted as Members of the Institu- 
tion. A total of 1,355 applications 
have been received, but of these 321 
have not been approved. An outline 
has now been prepared of an 
examination for people applying for 
membership who do not have formal 
qualifications. All candidates must 
be over 21 years of age and will be 
examined in two papers. The first 
of these is to be taken by all candi- 
dates and would have the title 
“Nuclear Technology—design and 
practice.” The paper would com- 
prise two essay questions, the first 
requiring an explanation of work 
connected with nuclear engineering 
on which the candidate has been en- 
gaged and the second would be 
chosen from several questions in- 
volving simple design study. For 
the second paper, candidates would 
have a choice of four papers covering 
various groupings of specialized sub- 
jects. Titles for these papers would 
be “* Nuclear theory—Reactor Phy- 
sics and Engineering”; ‘“* Nuclear 
theory—Nuclear Materials”; ** Nu- 
clear theory—Radioisotopes and 
Radiation Chemistry”; and “Nuclear 
theory—Instrumentation and Health 
Physics.” It is proposed that ex- 
aminations should be held in London, 
Birmingham and possibly Glasgow. 


Exchange Arrangements 


Exchange arrangements have been 
made between the Institution and the 
Belgian Association for the Peaceful 
Development of Atomic Energy. 
This Association, established on 
June 7th, 1955, by representatives 
from the world of science, industry, 
economics and politics, aims at en- 
couraging the development and use 
of atomic power for peaceful pur- 
poses by educating the public and 
promoting international co-opera- 
tion. 
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Tax Relief 
1,000 Members 


Birmingham Committee 


The Association has organized 
publicity in the field of applied 
atomic power, arranged meetings, 
lectures and exhibitions, and is en- 
couraging the young through the 
award of scholarships. Another acti- 
vity is the publication of a bi-monthly 
news bulletin for the general public. 


German Visit 


Dr. Paulsen has reported to the 
Council on his recent visit to Ger- 
many. The visit was arranged 
through the good offices of the 
Bundesministerium fuer Atomkern- 
energie und Wasserwirtschaft, Bad 
Godesberg, Western Germany. Dur- 
ing his stay in Germany, Dr. Paulsen 
visited the Institut fuer Kernphysik, 
the AEG research establishment at 
Grosswelzheim, the Max Planck 
Institut, Das Institut fuer Plasma- 
Forschung, Muenchen-Garching, 
The Institut fuer Physikalsches 
Chemie, Universitaet Bonn, and the 
Kernforschungsanlagen des Landes 
Nordrhein-Westfalen e.V. at Julich. 


Tax Relief 


The following letter has been 
received by the Secretary of the 
Institution from the Inland Revenue: 


DEAR SIR, 

I have to inform you that the 
Commissioners of Inland Revenue 
have approved The Institution of 
Nuclear Engineers, Ltd., for the 
purposes of Section 16, Finance Act 
1958, and that the whole of the 
annual subscription paid by a mem- 
ber who qualifies for relief under that 
Section will be allowable as a deduc- 
tion from his emoluments assessable 
to income tax under Schedule E. If 
any material relevant change in the 
circumstances of the Society should 
occur in the future you are requested 
to notify this office. 

I should be glad if you would 
inform your members as soon as 


possible of the approval of the 
Society. The circumstances and 
manner in which they may make 
claims to income tax relief are des- 
cribed in the following paragraphs, 
the substance of which you may care 
to pass on to your members. 


Commencing with the year to 

5 April 1962, a member who is 
assessable to income tax under 
Schedule E in respect of the emolu- 
ments of an office or employment is 
entitled to a deduction from those 
emoluments of the whole of the 
annual subscription which is due and 
payable by him to the society in the 
income tax year provided that 

(a) the subscription is defrayed out 

of the emoluments of the office 

or employment, and 

the activities of the society so 

far as they are directed to all 

or any of the following ob- 
jects— 

(i) the advancement or 
spreading of knowledge 
(whether generally or 
among persons belonging 
to the same or similar pro- 
fessions or occupying the 
same or similar positions); 

(ii) the maintenance or im- 
provement of standards of 
conduct and competence 
among the members of 
any profession; 

(iii) the indemnification or pro- 
tection of members of any 
profession against claims 
in respect of liabilities in- 
curred by them in the 
course of their profession; 

are relevant to the office or 
employment, that is to say, the 
performance of the duties of 
the office or employment is 
directly affected by the know- 
ledge concerned or involves 
the exercise of the profession 
concerned. 

A member of the society who is 

entitled to the relief should apply to 


(b 
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his tax office as soon as possible for 
form P358 on which to make a claim 
for the relief due to him. 

Yours faithfully, etc. 
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NEW MEMBERS 


Resignation K. J. Ad AM D. A. J AM 
. . o Os ams, lo . JOX, 

Mr. H. J. Winch has tendered his Sydenham, S.E.26. Newark, Notts. 
resignation from the Council for S. E. Anthony, AM R. A. N. Johnson, M 
personal reasons. This has been Kenton, Middlesex. Somerset. 
reluctantly accepted by the Council. ee A. Banfi, M age AM 

G. E. Bayley, AM J. M. Marsden, AM 
: Frenchay, Bristol. Preston, Lancs. 
Branch Committee D. G. Bowdem, AM R. R. Matthews, AM 

The following members have been Birstall, Leicester. Herts. 

: oe P. R. Cassey, AM J. E. W. Morris, AM 
appointed to form the Birmingham Shirley, Birmingham. Barrow-in-Furness, Lancs. 
branch committee with H. J. Jones J. A. Coltman, AM C. Moncor, 
as chairman: J. R. Brimson, D. Leicester. Leicester. 

Cooknell, L. Garland,G. R. Ricketts, J. Condliffe, AM S. W. Murthwaite, AM 
E HM. Wrisht end G. B. Suencer Abingdon, Berks. Harwell, Berks. 

+ 8 > oP . P. J. Dennis, AM G. N. Phillips, AM 
The committee met for the first Leicester. Leicester. 
time on Thursday, October 19th at D. W. Dubberley, AM B. Pryke, AM 
the College of Advanced Technology, Rugby, Warwicks. Essex. 

Birmingham M. Driver, AM J. A. J. Redman, AM 
8 . Dorchester, Dorset. Bristol. 
B. C. Edwards, JM D. W. G. Sheldrake, AM 

‘ Tadley, Hants. Leicester. 

Science Lecturer R. C. Ellison, AM Prof. D. S. Sterza, M 
" Barrow-in-Furness, Lancs. Rome. 

Dr. Paulsen has been placed on K. Gait, 7M W. A.C. Swift, M 

the List of Lecturers of the British Knowle, Bristol, 4. Derbys. 
Association for the Advancement of P. Gregory, AM W. P. Tiler, AM 
Science. He will deliver his first Barrow-in-Furness, Lancs. Whetstone, Nr. Leicester. 
lecture for the Association on M. G. Harper, AM L. E. Wallhead, _ AM 
N b 30th “The Medical Barrow-in-Furness, Lancs. Whetstone, Nr. Leicester. 

ovember - = J. A. Horne, AM D. A. Wilson, M 

Benefits from the Atom. Blaby, Leicester. London, S.E.1. 


Palermo Symposium 


Please indicate with ticks the papers from the list on page 465 in which you are interested and post 
this coupon to: The Secretary, 
Institution of Nuclear Engineers, 
147, Victoria Street, 
London, S.W.I. 


| 5 0 10 0 15 

6 0 1 16 
2 

7 12 j 17 
3 

8 13 18 
4 9 14 19 
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Equipment 
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and 


Radiation monitor 


The American Nuclear Materials and 
Equipment Corporation have announced 
the addition of the PRM (a miniature 
personal radiation monitor) to its line of 
radiation instrumentation. 

This monitor weighs only 3-5 oz and is 
about the size of a fountain pen. Con- 
tinuous audible and visual indications of 
radiation levels are provided. 

The PRM’s components are contained 
in an easily decontaminated stainless steel 
casing. Worn in the breast pocket of the 
user, it provides simultaneous chirping 





Personal radiation monitor by Nuclear 
Materials and Equipment Corporation 


sounds and light flashes at frequency inter- 
vals in proportion to the amount of gamma 
radiation present in the area. 

Instruments are available covering both 
low and high radiation ranges. The PRM-1 
is most effective for the range from | milli- 
roentgen/hr to 2 roentgen/hr with a con- 
tinuous wail at higher levels. The PRM-2 
is most effective for the 10 mr/hr to 200 r/hr 
range, although it provides a proportionate 
indication from background to 10 mr/hr 
and it also provides a continuous wail at 
levels over 200 r/hr. These units have been 
tested in radiation fields varying from 
normal backgrounds to 4 « 10° r/hr without 
failure. (NOV 1) 


Sample set 

The Nuclear-Chicago Corporation has 
recently developed a new sample prepara- 
tion set, Model PM-5. 

A newly-developed filtration device with 
a porous stainless steel filter disc is used in 
this set. A solution is suction filtered 
through the filtration device, known as a 
chimney funnel and a uniform layer of 
sample is deposited and dried on the steel 
disc. 

The filter disc also serves as a planchet, 
so the sample is ready for counting without 


Materials 


Nuclear-Chicago 
sample preparation 
set PM-5 


further manipulation. This foolproof tech- 
nique furnishes reproducible samples in a 
few minutes and requires a minimum of 
skill. 

The steel discs are easier to handle and 
easier to bring to constant weight than 
filter papers. The discs are reusable since 
they may be easily cleaned. 

The PM-S set consists of a chimney funnel, 
12 porous sintered steel discs, four plastic 
safety syringes, a spatula, a tube of 65 
copper sample pans, a jar of filter aid and 
a bottle of emulsifier. The apparatus may 
ordinarily be used by three student pairs 
during a laboratory period. (NOV 2) 


Graphite descaling 
A recent innovation by Vacu-Blast, Ltd., 
of Slough, Bucks., is the descaling of 
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To: NUCLEAR ENERGY 


147 Victoria Street, London, S.W.1 


Please send further details of the following items in the 


EQUIPMENT & MATERIALS feature for November, 1961 


Item No’s ...... 


Bmgeieer's NG oo sss..ccscces 


NIE Goo: orciorn Grainiare oases 


Items published in this monthly feature are 
compiled from manufacturers’ current 
literature. Readers requiring further in- 
formation should use the form at bottom 
of the page. Manufacturers are invited to 


send literature or details of their products 
for inclusion in this feature. 





graphite heat exchangers in situ. The build- 
up of a de-natured carbon deposit in 
graphite heat exchanger tubes can cause 
considerable losses in efficiency and the 
cleansing of these tubes can result in costly 
breakages and is a lengthy and inexact 
process. 

Simplification and speed-up of this 
operation has recently become possible by 
the introduction of the Vacu-Blast closed 
circuit system of grit-blasting. The illustra- 
tion shows the biast nozzle from the 
medium machine being inserted into an 
extension lance which in turn is inserted 
into the Zin. diameter tube: the blast is 
controlled to a two-minute cycle per tube, 
and the grit is recovered by the vacuum 
integral with the machine from the collec- 
tion cone. (NOV 3) 








Sintering furnace 


A high vacuum/high temperature furnace 
for sintering oxides of the actinide elements 
has been developed by Spembly, Ltd., in 
conjunction with the UKAEA. The furnace 
is available in two forms, one for general 
use and the other for glovebox working. 
The element consists of four tungsten strips 
formed into a tube 12in. long which is 
clamped in such a way that the cooling 
water pipes (which also carry the current) 
are coiled round the outside of the element 
and form a spring to reduce stresses in the 
element to approximately zero at maximum 
temperature. Tantalum radiation shields 
are placed between the water pipes and the 
element. The vacuum system consists of a 
3 in. oil diffusion pump backed by a gas- 
ballasted single-stage rotary piston pump. 
Normally the furnace is metered down to 
10° mm Hg, but at the operating tempera- 
ture of 2,400°C., the theoretical ultimate is 
10 ® mm. 

This furnace can also be used for the 
high temperature sintering of uranium and 
plutonium oxides, ceramics, ceramets, etc., 
and at lower temperatures, for high vacuum 
brazing and degassing of small assemblies. 
(NOV 4) 


Leak detection 

A leak detection service using mass 
spectrometer techniques has now been 
introduced by Spembly, Ltd.; it is equally 
applicable to vacuum and pressure vessels. 

Vacuum testing is invaluable as a pre- 
liminary to pressure testing as, by using a 
light gas, defects in welds and porosity, 
etc., are much more readily detectable with 
a light gas than with liquid. In addition the 
metal is not contaminated, so rectification 
is easier. 

Hydrogen is used in these tests and the 
size of the leak which can be detected is 
very much smaller than the standard speci- 
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(Left)}—Descaling graphite 

heat exchanger tubes in 

situ. A method evolved 
by Vacu Blast. Ltd. 


(Right)—Portable neutron 
gamma monitor Mark 
2NRM by Plessey 


fied by the UKAEA for vacuum tests and is 
of the order of one part of hydrogen in 10m. 
parts of air. (NOV 5) 


Portable monitor 


A portable neutron/gamma monitor, 
Mark 2NRM, has been introduced by 
Plessey Nucleonics, Ltd. Measurement is 
by scintillation counter techniques. Separate 
detector probes are used with appropriate 
phosphors for fast neutron, thermal neutron 
and gamma radiation. Readings are shown 
on a meter directly calibrated in milli-rem/hr 
with an additional facility for dose integra- 
tion at very low neutron dose rates. De- 
signed to Admiralty specifications, the 
monitor is intended for measurement of the 
biological dose from neutron and gamma 
radiation in the vicinity of a propulsion 
































Spembly leak detec- 
tion equipment 




























































reactor. Measurements can be made up to 
30 mrem/hr for thermal neutrons and up 
to 3,000 mrem/hr for fast neutrons and 
gamma radiation. 

The gamma radiation which the equip- 
ment will be required to measure is pre- 
dominantly in the 4 to 5 MeV region but 
the 0-1 to 6 MeV range can be covered. 

The indicator unit contains the battery 
pack and electronic circuits. Except for 
one electrometer pentode, all circuits use 
transistors. 

Indication is on a 34in. scale length 
moving coil meter. In addition to the 
direct calibration in dose rate there is a 
red mark to indicate 100 counts on an 
‘integrate’ range, so that very low 
counting rates can be measured within a 
statistical accuracy of 10 per cent. 

The indicator unit and the three types of 
scintillation tubes are all sealed and desic- 
cated. The probes are of cylindrical con- 
struction, Il in. long and 3 in. diameter. 
They are fitted with handles; weigh less 
than 5 lb and may be operated up to 50 ft 
from the indicator unit. (NOV 6) 
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Take-over 


RIO ALGOM Mines, Ltd., have offered 
to purchase the technical and administrative 
organizations of the Rio Tinto Mining Co. 
of Canada, Ltd. The offer also includes 
the company’s exploration and development 
programme and certain other assets. Total 
cash to be paid will be $7,066,000. Rio 
Algom have made it a condition of the 
offer that Rio Tinto will refer all business 
opportunities in Canada for the next 15 
years to them. 


Thermonuclear fusion 


THE achievement of controlled thermo- 
nuclear fusion is only a matter of time in 
the opinion of most of the delegates at the 
recent IAEA conference on the subject in 
Salzburg. Dr. Rosenbluth of the U.S.A. 
claimed that “in 20 years mankind will 
have solved the problem of controlled 
nuclear fusion.”’ In all, over 500 people 
from 29 countries took part in the confer- 
ence. Full proceedings will be published in 
three special issues of Nuclear Fusion, the 
first one of which it is hoped to publish in 
December or earlier. 


UKAEA computers 


COMPUTERS have now assumed great 
importance in the work carried out by the 
UKAEA. So much so that the Authority 
has become the largest user of computers in 
the country. Research Group at Harwell 
has a Ferranti Mercury and an EMI 
Emiac II. The Mercury is used for nuclear 
data processing and work in plasma physics 
research, in solid state physics research and 
in chemical engineering design. Much of 
the design work for NIMROD was 
carried out on this machine. The Emiac 
computer is a general purpose machine of 
108 amplifier capacity, which can be set up 
for engineering and physics problems 
associated with the design of new con- 
trolled thermonuclear research machines. 
The Ferranti Atlas computer which was 
ordered recently is also being installed at 
Harwell. Reactor Group has seven com- 
puters, a Ferranti Mercury, an IBM 704 
and an EAI Pace at Risley, a Ferranti 
Mercury and an EAI Pace at Winfrith and 
an IBM 1620 at Windscale. Of these, four 
are digital and two analogue. The digital 
computers are used for calculation of reac- 
tor performance, critical sizes, shielding 
calculations, design optimization, fuel 
cycling effects, power plant design, chemical 
plant performance, safety and various other 
calculations. The analogue machines are 
used largely for the design of control 
systems and for investigations of reactor 
kinetics. Production Group has two com- 
puters, an English Electric Deuce at Capen- 
hurst and an Elliott 609 at Calder Hall. 
The machine at Capenhurst is used for 
calculations on diffusion plant performance, 
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operating optimizations and _ flowsheet 
design. The Elliott 609 is an Elliott 803 
digital with analogue attachments which 
scan and monitor the temperatures of 
No. 4 reactor at Calder. The 803 is used 
on its own for heat balance calculations. 
Weapons Group has three computers at 
Aldermaston, an IBM 7090, a Ferranti 
Mk. | and an English Electric Deuce. 


Euratom invitation 


EURATOM has repeated its invitation to 
firms wishing to submit proposals under 
the U.S.-Euratom Power Reactor pro- 
gramme. The second invitation like the 
first is directed at any organization in the 
Community which wishes to carry out 
activities connected with nuciear power 
production. Proposals must now be sub- 
mitted by June Ist, 1962. Any enterprise 
taking part in the joint programme may 
choose whether to purchase or to lease 
enriched uranium. 


Chooz project 


A CONTRACT for a 242,000 kW under- 
ground French-Belgian nuclear power plant 
has been awarded to the Westinghouse 
Electric International Company, Ateliers de 
Constructions Electriques de Charleroi and 
Framatome, by the Société d’Energie 
Nucléaire Franco-Belge des Ardennes 
(SENA). This last organization is owned 
equally by Electricité de France and Centre 
et Sud, a group of six leading Belgian 
private utilities. Euratom has already 
allocated $8m. towards financing the pro- 
ject, which is to be built at Chooz in France. 
The design for a closed-cycle water reactor 
was accepted by the Council of Ministers 
of Euratom under the programme of invest - 


Fuel 


for 
Mol 


Securing a fuel element 
for transport to Belgium 
from Westinghouse 
Electric Corporation’s 
atomic power depart- 
ment. The element is 
part of a shipment for 
Belgium’s first power 
reactor at Mol 


ment in large plants for the European Com- 
munity. The nuclear section of the plant is 
to be situated in a cavern in a hill on a 
bend of the River Meuse. Auxiliary equip- 
ment will be housed in another cavern, 
while the electric generating unit will be 
installed in a power house outside. A 
large part of the nuclear and conventional 
components will be made by the European 
companies. 


U.S.A. power reactors 


SMALL power reactor projects in the 
U.S.A. are the subject of a report prepared 
for the IAEA General Conference by tech- 
nical experts. The report is to be published 
for the benefit of member nations and as 
part of the Agency’s study of the technology 
and economics of small and medium power 
reactors which may be particularly suitable 
for the less developed countries. Four pro- 
jects are described in the report; these are 
the Elk River boiling water reactor in 
Minnesota, the Piqua organic moderated 
reactor on the east bank of the Miami River, 
the Bonus boiling water reactor in Puerto 
Rico, and the Pathfinder boiling water 
reactor on the south bank of the Big Sioux 
river. Detailed information is given in the 
report on basic design features, construction 
experience, safety aspects, fuel cycle, 
training of the operating staff, start-up, 
cost data, operation and maintenance, and 
integration of the plant in the existing 
network. It is pointed out that in the U.S.A. 
there are a large number of small public utili- 
ties, including rural co-operatives, which 
have a positive need for small power plants. 
Similarities exist between these co-opera- 
tives and power companies in some of the 
less developed countries. In both cases 


systems are small and so small units with 





Hinkley from the Air 


low load factors and low capital charges 
are required. 


Fission phenomena 


FISSION and Spallation Phenomena and 
their application to cosmic rays were the 
subject of a conference held recently at the 
CERN Laboratories near Geneva. The 
conference was attended by 150 people and 
50 papers were presented which reviewed 
the effects of high energy particles on 
atomic nuclei, the theoretical basis for a 
distinction between fission and spallation, 
isotopes produced by cosmic rays, and 
determination of the radiation age of 
meteorites, etc. 


Annealed twice 

A SECOND annealing has been success- 
fully carried out on the 18-year-old graphite 
reactor at Oak Ridge National Laboratory. 
This is the oldest operating reactor in the 
world. The object of the operation was to 
release stored energy accumulated in the 
graphite since the last anneal in 1960. 


ENEA report 


THE third report on the activities of the 
European Nuclear Energy Agency was 
published recently; it covers the period 
from January, 1960 to July, 1961. It 
records the progress of ENEA’s three joint 
undertakings, the Eurochemic Company 
for processing irradiated fuel, and the 
HALDEN and DRAGON reactor projects. 
Sections of the report are also devoted to 
new projects under discussion, steps to- 
wards closer international scientific co- 
operation, the OEEC Convention on third 
party liability and other developments 
towards uniform atomic regulations in 
Europe. ENEA’s main interests are in 
research and experimental work with a 
growing emphasis on advanced research 
matters of importance for future nuclear 
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Aerial view of Hinkley Point showing the reactor buildings and off shore, 
the seawater intake. A 3,500 ft long sea wall has been built to protect 
the station and to reclaim land for the turbine hall and pumphouse. 
About 35m. gal of cooling water will be taken per hr from the Bristol 
Channel 


development. The increasing importance 
of economic considerations in the applica- 
tions of nuclear power is reflected in a 
special section. 


Silkworm sex 

AT a recent meeting of the U.S.S.R. 
Council of Ministers’ Committee for Inven- 
tions and Discoveries, a description was 
given of experiments carried out to discover 
the conditions under which male or female 
silkworm larvae can be produced at will. 
At a certain steady temperature the division 
of the germ cell results in all the progeny 
being females. Another temperature re- 
gime, plus the application of ionizing 
radiation, results in the offspring being 
males. 


Polarized protons 

A DEVICE which produces polarized pro- 
tons has been installed on the 50 MeV 
proton linear accelerator (PLA) at the 
Rutherford High Energy Laboratory of 
the National Institute for Research in 
Nuclear Science, Harwell, and has been in 
successful operation since February this 
year. This provides a beam of protons 
which are 32 per cent. polarized at an 
average intensity of 3 107 protons/sec. 
With this device a greater range of experi- 
ments may be performed, and consequently 
more detailed information can be obtained 
about particle interactions. Although 
several other laboratories are known to be 
working on similar projects, it is believed 
that this is the first source to be installed 
on a large accelerator and to produce a 
beam of protons of sufficient intensity to 
be useful for nuclear experiments. The 
source works in the following way. Hydro- 
gen atoms are produced from molecular 
gas by a radio-frequency discharge. These 
atoms then pass through a highly non- 
uniform (six-pole) magnetic field in which 
atoms with positive magnetic moment are 
deflected away from the axis and removed 


while the atoms of negative magnetic 
moment oscillate about the axis and emerge 
from the magnet as a well-defined beam. 
By bombarding this beam with a current 
of electrons the atoms are ionized, and the 
resulting protons which are then extracted 
and injected into the linear accelerator are 
polarized. This polarization is preserved 
during acceleration. The polarized proton 
source is located on the 500 kV terminal of 
the d.c. injector of the accelerator. Thus it 
Was necessary to make the vacuum equip- 
ment, comprising seven pumps, the control 
equipment, refrigerators and water cooling 
plant, completely self-contained and self- 
monitoring. The experimental work in the 
laboratory followed by the engineering 
design and manufacture took about three 
years. 


Test irradiation 


THE United States Atomic Energy Com- 
mission has signed a contract with U.S. 
General Electric Co. for test irradiation and 
related services for the AEC and its con- 
tractors at the GEC test reactor at 
Vallecitos, near San Jose, California. 
General Electric will provide reactor irra- 
diation services on a unit price basis, which 
will vary with the extent to which the 
irradiation capability of the GETR is used. 
The contract also provides for special 
services such as “hot” cell and other 
experimental work related to basic irradia- 
tion services. 


Pakistan relations 


COLLABORATION on _ promoting the 
peaceful uses of atomic energy is to be 
developed between the Pakistan Atomic 
Energy Commission and the UKAEA. The 
chairmen of the two bodies, Sir Roger 
Makins and Dr. Usmani, who have been 
attending the General Conference of the 
IAEA in Vienna, have exchanged letters 
defining their mutual interests. Going 
beyond present exchanges of reports and 
the training given to Pakistan scientists, 
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provision has been made for staff consulta- 
tions as well as for assistance and advice on 
the uses of radioisotopes, particularly new 
uses which may be of special interest to 
Pakistan. The eventual supply by the 
United Kingdom of nuclear research and 
power reactors for civil uses in Pakistan is 
also envisaged. 


Euratom accelerator 


EURATOM has ordered a linear accelerator 
from the Compagnie Générale de Tele- 
graphie Sans Fil (CSF). This is France’s 
biggest nuclear equipment export order to 
date. The apparatus is a development of 
the accelerators already installed by the 
CSF at the French nuclear research centres 
at Saclay and Orsay, and is intended for 
the laboratories of the Central Nuclear 
Measurements Bureau set up by Euratom 
at Geel (Belgium), not far from the Mol 
Nuclear Research Centre. It will produce 
a high-density flux capable of attaining the 
value of 26,000,000m. neutrons/sec. The 
acceleration energy imparted to the elec- 
trons, in accordance with the principle of 
ultra-short wave linear accelerators, will be 
provided by Klystron type batteries reaching 
peak power levels of 20,000 kW, which 
may later be stepped up to 30,000 kW. 
Installation is expected to be complete by 
November, 1963. 


Reactor instruments 


CONTRACTS have been awarded by the 
USAEC to the U.S. General Electric Co. 
for the supply of nuclear instrumentation 
for the reactors at Richland, Washington, 
and Oak Ridge, Tennessee. The contracts 
include a burst slug detection system for 
the experimental gas-cooled reactor at 
ORNL and a neutron monitoring system 
for the new production reactor at the Han- 
ford plutonium plant, Richland. The burst 
slug system is designed to detect and locate 
ruptured fuel elements by monitoring and 
analysing fission gas released from the fuel 
during operation. The reactor is expected 
to produce about 22,000 electrical kW and 
is scheduled for start-up in 1962. The new 
instrumentation system for the new pro- 
duction reactor will be used to determine 
the power level. The reactor has been 
designed to produce plutonium, but it can 
also be used for power production. It is 
due for completion in 1963. 


Power costs 


NUCLEAR power costs are the subject of 
a revised document recently published by 
the IAEA. Much new information is in- 
cluded on the components of fuel costs and 
on small power reactors such as would be 
most suitable for less developed countries. 
Cost data have been obtained from six 
countries: the U.S.A., the U.K., France, 
Canada, Japan, and the Federal Republic 
of Germany. Costs of this nature are, of 
course, difficult to compare but the IAEA 
have attempted to make the necessary 
allowances. In commenting on the future, 
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the document claims that there will be 
important reductions in costs as a result of 
the continuous research and development 
which is at present being carried out. This 
is especially true of fuel cycle costs and 
considerable savings are also expected 
from improvements in reactor materials, 
standardization of reactor components, 
simplification of safety measures and 
spreading of engineering development ex- 
penses as a result of the construction of 
similar plants on a larger scale. Mention 
is made in the document that nuclear 
power in the U.K. is expected to be com- 
petitive in about five years’ time and in the 
U.S.A. it will be competitive towards the 
end of the decade in areas where conven- 
tional fuel costs are high. 





Indian Institute 


AN Institute of Nuclear Medicine and 
Allied Sciences is being established in 
Delhi by the Research and Development 
Organization of the Indian Ministry of 
Defence. The foundation stone was laid 
on September 14th. A sum of £37,500 has 
been sanctioned by the Government for 
erection of buildings, and £30,000 for 
equipment, in the first phase of the Institute. 
Research will be undertaken in medical 
and allied scientific fields by radioactive 
isotopes and nuclear radiation, and provide 
an opportunity to military and civilian 
scientists from medical institutes, universi- 
ties and other research organizations, to 
work in co-operation in a common pursuit. 


Nuelear Power Reactors 


@ Continued from page 457 


out in these areas. Engineering de- 
velopment constitutes a large portion 
of this activity. An_ increasing 
amount of effort is going into the 
design, development and manufac- 
ture of reactor components. Overall 
studies of reactor hazards and estab- 
lishment of standards for protection 
against radiation are important 
phases in this work. 

The outlook for atomic energy is 
challenging. The immediate chal- 
lenge is twofold: to accelerate the 
use of radioisotopes and other radia- 
tion sources in industry and science 
and to develop civilian nuclear power 
plants which will be economically 
competitive with plants fired by the 
fossil fuels—coal, gas and oil. 

Most industrial nations of the 
world face the problems of rapidly 
diminishing sources of conventional 
fuels, or sources too difficult or 
expensive for recovery, so nuclear 
fuels are becoming increasingly at- 
tractive. Countries with negligible 
domestic fuel supplies are forced to 
import fuel from distant regions at 
high cost and with the attendant risk 
that political upheaval may curtail 
supplies or cut them off entirely. For 
these countries, the early introduction 
of nuclear power not only is an 
imminent economic possibility, but 
may be a necessary condition for 
further growth and industrialization. 

Putting the atom to work, as in 
any other field of endeavour, requires 
a particular knowledge of the ma- 
terials. Here the major problems 
facing the atomic industry are to be 
found. Some aspects of atomic 
energy work differ little from those 
encountered in many other lines of 


industry. Others involve substantial 
deviation from conventional indus- 
trial practice. The use of a metal 
(uranium or plutonium) as a fuel 
itself is a radical departure. 

Many construction materials do 
not have the resistance to heat, cor- 
rosion and radiation damage required 
for atomic energy applications. 
Others are unsuitable because of 
their nuclear properties. Even the 
commonplace construction material 
concrete has had to be modified to 
improve its radiation — shielding 
characteristics. In fact, entire fami- 
lies of materials that were laboratory 
curiosities a few years ago are now 
being produced in commercial quanti- 
ties. 


Special Problems 


Two other factors differentiate 
atomic energy work from orthodox 
industrial practice. The first of these 
is the radiation hazard. The second 
is unusual engineering requirements 
in many applications. Experience to 
date indicates that the radiation 
hazard can be controlled through 
prudent plant and laboratory man- 
agement. Similarly, ways are being 
investigated to “design around” 
some of the stringent engineering 
requirements specified for earlier 
equipment and components. 

Beyond fission-produced power lies 
the promise of thermonuclear energy. 
Experiments conducted to date in 
this embryonic field have been en- 
couraging, but much basic work 
remains to be done before a proto- 
type for producing thermonuclear 
energy in significant quantity can be 
considered. / 
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STREAM-LINE mobile filtration plant 


To meet the special demands of maintenance engineers in 
nuclear power and similar applications, Stream-Line now 
supplement their range of insulating oil purifiers by the 
addition of large capacity mobile tanks. The Stream-Line 
filter is already well known for its efficiency in keeping 
insulating oil free from all solid, liquid and gaseous impurities; 
now, combined with two tanks (one for dirty, one for clean 
oil) it makes possible a completely mobile, extremely versatile 
filtration plant. Oil can be pumped quickly from the trans- 
former into the ‘dirty’ tank and either taken away for batch 
filtration or filtered on site and passed straight into the ‘clean 
tank’. While the oil is being purified essential maintenance 
work can be carried out on the transformers. 


The 1,000 gallon tank illustrated above is one of a pair 
supplied with a 250 g.p.h. Stream-Line insulating oil filter 
to the British Thomson-Houston Co. Ltd., for use at Berkeley 
Power Station. Larger capacity tanks are also available, in- 
cluding models which combine clean and dirty tanks on a 
single transporter. 


OTHER APPLICATIONS IN THE NUCLEAR FIELD 


The ability of the Stream-Line filter to remove even sub- 
micronic particles, coupled with ease of operation by 
remote control, provides the nuclear engineer with means 
for dealing with some of his special problems involving 
radio-active materials. 


SUPER EFFICIENCY 


For applications demanding super efficiency in the elimination of 
last traces of air and water, Stream-Line high vacuum filters 
(Type CN-HV) are available operating at pressures in the order of 
0.1 mm. Hg., compared with the 28”/29” Hg. vacuum employed by 
medium vacuum (CN) types. Outputs range from 50 to 1,500 g.p.h. 
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STREAM-LINE FILTERS LIMITED 
HENLEY PARK, NORMANDY, NR. GUILDFORD, SURREY 


Telephone: Normandy (Surrey) 3311-3 
A member of the VOKES Group 


Telegrams: Edgefilt, Guildford 
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The INSTITUTION of NUCLEAR ENGINEERS 


invites Papers for the 


PINKERTON FOUNDER AWARD 


of 
100 guineas 


In accordance with the decision of the Council to make its annual 100 guineas award under the title of 
The Pinkerton Founder Award, papers are now invited on any subject in the field of nuclear energy 
for industrial or other peaceful purposes. 


Papers must be ORIGINAL works and illustrated where appropriate. 


The successful Paper will be presented at the Annual General Meeting of the Institution by its author 
who will receive 100 guineas. In the event of the Adjudicators considering more than one paper of 
equal merit the Award will be divided among their authors. Other Papers may be accepted for 
publication in the Journal at publication rates. 


CLOSING DATE: Ist DECEMBER, 1961 


Papers should be sent (and communications on the subject addressed) to: 
Pinkerton Founder Award 1961, The Institution of Nuclear Engineers, 
147, Victoria Street, London, $.W.| 














Physics is part of your life. You 
cannot get away from it. Whether 
you are a poet or photographer, a 
theologian or telegraphist, a baritone 
or a bus-driver, a knowledge of this 
subject will enrich you. 


Size of the Book 84 in. x 54 in. and is 
in blue cloth. 560 pages with 123 
diagrams. Send 63/- (which includes 


postage) for immediate attention. 





PRINCES PRESS LIMITED, 147 VICTORIA STREET, S.W.1 





Printed and Published by Princes Press, Ltd.. 147, Victoria Street, Westminster, S.W.1. 
_ Conditions of Sale and Supply —This periodical is sold subject to the following conditions, namely, that it shall not, without the permission of the publishers 
first given, be lent, resold, hired out or otherwise disposed of by way of trade except at the full retail price of three shillings and sixpence, and that it shall not be lent, 
resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorized cover by way of trade; or affixed to or as part of any publication or 
416 advertising, literary or pictorial matter whatsoever 



































MESS 









Saye: 
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Architects: 
Corby Development Corporation 
Consulting Engineers: 
Edward A. Pearce & Partners 
Heating & Ventilating Contractors: 
Arthur Heaton & Co. Ltd. 
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” Between the 
two of US... 
Corrosion 's 
on the way out 


- 


Wherever wet temperatures exceed 200°F, ‘Apexior No. 1’ keeps metal 
surfaces out of touch with corrosion. 

Providing complete andeconomical protection for steam-raising plant and 
boilers, ‘Apexior No. 1’ renders scale less adherent and resists itsformation; 
permits improved heat transmission and will not contaminate or discolour 
feed water. 

For equal effectiveness in cold-wet conditions up to 125°F, specify ‘Apexior 
No. 3’. 

Send for your copy of the ‘Apexior Manual’, 


DAMPNEY'S 


A\PEXIO BRITISH PAINTS LIMITED Aperior Division 


REGISTERED Portland Road, Newcastle upon Tyne, 2 


Northumberland House, 303-306 High Holborn, London, W.C.1 Mersey Paint Works, Wapping, Liverpool 


Aberdeen, Belfast, Birmingham, Bristol, Cardiff, Edinburgh, Glasgow, Manchester, Middlesbrough, Norwich, Nottingham, Sheffield, Southampton, 


é : BRITSH PANTS LMNTED 
and all principal towns 





